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1. Introduction 
 
In orthodontics, tooth movement is achieved by applying a force to the crown of the tooth. 
This creates pressure and tension on the periodontal ligament surrounding the root of the 
tooth, and leads to a biological reaction involving resorption on the pressure side and 
remodelling and addition of tissues on the tension side, resulting in tooth movement.1,2 
Schwarz in 1932 hypothesised that an ideal force to move a tooth would be below capillary 
bed blood pressure of 15 to 20 mm/Hg, equating to a force in the vicinity of 15-20 grams per 
centimetre squared.3 The minimum force required to move a tooth according to Weinstein is 
4 grams.4 The rate of tooth movement increases with force until a certain point then plateaus 
at about 100-200 grams.5  
 
Tooth movement follows Newton’s third law, which states “To every action there is always 
an equal and opposite reaction”. When a force is applied to a tooth, the tooth where the force 
originates also experiences an equal and opposite force.  This force may lead to a tooth 
movement, which may be advantageous or disadvantageous.  
 
In 1972 Andrews developed his 6 keys of occlusion defining the aims of modern orthodontic 
treatment. His first key to occlusion was that “The distal surface of the distobuccal cusp of 
the upper first permanent molar made contact and occluded with the mesial surface of the 
mesiobuccal cusp of the lower second molar. The mesiodistal cusp of the upper first 
permanent molar fell within the groove between the mesial and middle cusps of the lower 
first permanent molar”, which defines the position of the upper and lower teeth in respect to 
one another.6 Patients seeking orthodontic treatment may present with numerous forms of 
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malocclusions and it is the role of the orthodontist to achieve an ideal occlusion postulated by 
Andrews. To achieve an ideal occlusion in the most efficient way unwanted tooth movements 
have to be eliminated or kept to a minimum.  
 
2.1 Orthodontic Anchorage 
2.1.1 Intra-oral Anchorage 
Orthodontic anchorage is defined as the resistance to unwanted tooth movement. Anchorage 
can come from intraoral or extra-oral sources. Sources of intraoral anchorage include teeth, 
bone and the surrounding soft tissues. Anchorage control consists of limiting unwanted tooth 
movement in three planes of space: anterior-posterior, laterally and vertically. 
 
Anchorage can come from teeth within the same jaw (intra-arch) and from the other dental 
arch (inter-arch). A tooth or a group of teeth can be a source of anchorage. When space 
closure is considered in an orthodontic extraction case of first bicuspids, and the extraction 
space closes equally between the anterior and posterior segments, this is considered 
reciprocal anchorage. Having mainly the anterior segment moving into the space is called 
maximum posterior anchorage, and having mainly the posterior segment moving into the 
space is called minimum posterior anchorage.  
 
Quinn and Yoshikawa in 1985 reviewed the literature on the relationship between the rate of 
tooth movement and force magnitude.5 They discovered that the rate of tooth movement and 
force magnitude is linear up to a point, after this point an increase in force magnitude causes 
no appreciable increase in rate of tooth movement. This provides strategies of increasing 
posterior or anterior anchorage by reducing force magnitude over a segment of teeth by 
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dissipating the force over a larger surface area. To increase surface area of a segment of teeth 
the clinician can incorporate larger teeth, add more teeth to the segment, extract teeth further 
away from where anchorage is to be maintained, move teeth sequentially or move teeth using 
differential tooth movements. 
 
A larger tooth with an increased surface area has more anchorage value than a smaller tooth. 
Therefore if a space closing force not exceeding in magnitude to one that achieves maximum 
tooth movement but one large enough to initiate tooth movement was placed between a large 
tooth and a small tooth, it would be expected that the smaller tooth would occupy more space 
than the larger one as it would move at a faster rate. The force is divided equally between the 
two teeth but the tooth with the larger surface area experiences a smaller force per cm 
squared and therefore moves at a slower rate.  
 
An example of adding teeth to a segment to bolster anchorage would be the inclusion of the 
second molars into the posterior segment in a bicuspid extraction case. This increases the 
anchorage value of the posterior segment by increasing its total surface area. Selective 
extraction can also add an extra tooth to a segment. The extraction of teeth away from the 
anchorage unit can give the unit more teeth and therefore more anchorage. An example of 
this would be the extraction of a first bicuspid over a second bicuspid. This adds the second 
bicuspid to the posterior segment therefore reinforcing posterior anchorage. Inter-maxillary 
elastics can transfer anchorage from the opposing arch. This is useful when we want to 
maintain maximum posterior anchorage, as the anchorage is gained from the opposing arch 
and not from the posterior segment. The disadvantage of this technique is that inter-maxillary 
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elastics also have a vertical force vector, which may result in unwanted vertical tooth 
movements, i.e. a loss of anchorage in the vertical dimension.7,8 
 
Another strategy employed to maintain anchorage would be to move teeth into extraction 
spaces sequentially. It is common in a first bicuspid extraction case to move the canine into 
the extraction space before moving the other anterior teeth. This is achieved by placing a 
retraction force between the canine and the posterior segment resulting in the canine moving 
faster into the extraction space than the posterior segment as it has a smaller root surface 
area.7,8 Once the canine distalises and becomes part of the posterior segment, it increases the 
posterior anchorage value.  The remaining anterior segment is now smaller, consisting of just 
the incisors. Space closure now greatly favours the anterior segment moving back distally 
more than the posterior segment moving mesially.  
 
Differential tooth movement is described as the different anchorage requirements of bodily 
movement and tipping of teeth. Bodily movement occurs when a tooth experiences a force 
that has a plane of action through the tooth’s centre of resistance. Tipping occurs when a 
tooth experiences a force that has a plane of action that is not through the tooth’s centre of 
resistance, creating a moment or a rotating force. When a tooth tips, a smaller surface area of 
bone and periodontal ligament experiences resorption than bodily movement. Proffit 
describes the force required for bodily movement as being twice that of a force required to tip 
a tooth.9  
 
Differential tooth movement therefore can be utilised to control anchorage requirements in 
tooth movement. In the same fashion as moving teeth sequentially, tipping movement can be 
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pitted against bodily movement. This is the principle method of anchorage control in the 
Begg and Tip-Edge systems.10 In these systems, the segment of teeth where anchorage is to 
be maintained would experience a bodily movement force, where as the segment of teeth 
where anchorage loss is desired would experience a tipping force. The tipped teeth would 
then be uprighted later on. This method of dividing up bodily tooth movement to tipping and 
uprighting ensures that the maximum anchorage segment maintains higher anchorage value 
than the segment where anchorage will be lost.  
 
Anchorage can be gained from the surrounding soft tissues. The tongue, lips and muscles can 
offer a source of anchorage. This could be passive in nature or by appliance design. Soft 
tissues exert small but intermittently constant forces on the teeth, which has been shown to be 
able to move teeth.4 The Equilibrium theory states that the positions of teeth are determined 
by the forces they experience by the surrounding soft tissues.4,9 These tissues include the 
tongue, lips, muscles and ligaments. If a tooth is moved towards the lips or tongue the forces 
from them would resist the tooth movement and therefore provide a source of passive 
anchorage. These forces are estimated to be about 4 grams, which is about a tenth of the 
normal amount of orthodontic force required to move a tooth.   Overall this force cannot be 
relied on as a source of predictable anchorage.4  
 
The lip bumper appliance is designed to utilise the muscles and soft tissues of the lips. It is 
comprised of an acrylic pad that sits within the buccal sulcus that is attached to the molar 
teeth through a wire. The lips push on the acrylic pad providing the anchorage required to 
distalise molars and also tipping the incisors forward by shielding them from the lips altering 
the equilibrium effect.11-13  
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A Nance holding arch is also another appliance that utilises soft tissue for anchorage.7 It 
consists of 2 molar bands connected with a thick wire that runs across the anterior palate in a 
U shape. The part of the wire that runs across the palate contains an acrylic pad that sits on 
the incline of the anterior palate. This contact transfers anchorage from the palatal mucosa to 
the teeth through the molar bands and wire. 
 
Muscles have been described in the literature as a potential source of anchorage.14,15 Bench in 
1978 first described the concept of “Muscular Anchorage” and suggested that a high amount 
of anchorage could be gained in patients with a brachyfacial pattern with strong muscles and 
less from dolicofacial pattern patients with weaker muscles.14,16,17 This is believed to be due 
to the underlying muscle pattern. Muscular anchorage resists vertical extrusive forces, 
therefore the stronger the muscles the more anchorage that can be gained in the vertical 
dimensions. This is important when using inter-arch elastics. As the upper and lower 
dentitions are not in the same vertical plane of space, any inter-arch elastics would have a 
vertical vector of force, usually extrusive. This may be disadvantageous, however muscular 
anchorage may resist these extrusive forces and minimise loss of anchorage. 
  
2.1.2 Extra-oral Anchorage 
Extra-oral devices such as headgear and facial mask transfer anchorage from external cranial 
structures such as the back of the head, forehead and chin to the teeth. The headgear concept 
was first described in 1866 by Kingsley’s head cap to use occipital anchorage in the 
retraction of upper incisors.18 Kloehn described the modern headgear in 1947 as an extra-oral 
anchorage device capable of retracting the maxillary dentition in Class II malocclusions.19 
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The force from the headgear is applied to the teeth via a facebow, which is fitted to a tube on 
molar bands. The direction that the force is applied can be varied depending on which type of 
headgear is fitted. The variations of headgear are cervical, high-pull, occipital and reverse 
pull.  
 
Cervical, high-pull and occipital-pull provide the dentition with anchorage from the posterior 
direction as it confers anchorage from behind the head. These variations provide anchorage 
from different locations, which in essence changes the vertical component of the anchorage. 
Cervical has a more back and downwards effect, occipital-pull has a backwards effect, 
occipital pull has a more upwards effect and a combination of high-pull and occipital pull has 
a backwards and upwards effect on the dentition. Altering the facebow, which connects the 
headgear to the dentition, can also alter the direction of force from a headgear.20,21 The 
facebow includes an inner bow which connects to the dentition via a headgear tube on the 
molar band, and an outer bow which connects the inner bow to the headgear. The dimensions 
of the dentition determine the size of the inner bow but the outer bow length can be varied. 
Greenspan in 1970 described how the length and the direction in which the outer bow can be 
bent, results in different forces and moments a tooth can experience.21 Hershey et al. 
demonstrated that by altering the length and inclination of both sides of the outer bow, 
unilateral anchorage can be transferred to the dentition.22 Headgears not only confer 
anchorage to the teeth but also to the maxilla, which, if used at the correct age, can assist in 
growth modification by restraining maxillary forward growth.23,24 
 
Reverse-pull headgear confers anchorage from the chin and forehead to the upper dentition 
and maxilla. It is normally used to treat a deficient maxilla by growth modification. Delaire 
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introduced the facemask in the 1960s to treat retrognathic maxillae, and it consisted of acrylic 
pads and a rectangular wire frame. It was suggested that it should be used for patients 8 years 
and younger for maximum skeletal effects and minimal dental effects.25-28 Franchi and co-
workers confirmed there were more favourable effects in both maxilla and mandible when 
the patient received treatment in the early mixed dentition or late deciduous dentition.29 
 
The disadvantages with headgear are related to trauma and compliance.  There have been 
reports of eye and facial trauma in the literature with the use of headgear. Though it was 
reported that the incidence was low, the consequence to the patient, such as losing an eye, is 
substantial.30 It is reported in the literature that it is very hard to measure the compliance of 
headgear use, as subjective measures such as self-reporting tends to overestimate 
compliance.31-33 A study by Cole in 2002 looked at the self-reported compliance of headgear 
use in twenty patients and found that 69% of the sample reported compliance at 84% or 
greater accuracy and the remaining 31% had 58% or less accuracy. The objective measure of 
compliance was with the use of a headgear-timing device, which times headgear use when it 
is under tension, and relays the information via infrared to a database. It was reported that the 
range of compliance was from 5.6% to 107.7%.32 Such low compliance would ultimately lead 
to anchorage loss and a reduction in treatment success and efficiency. 
 
2.1.3 Skeletal Anchorage 
2.1.3.1 Introduction 
Skeletal anchorage systems derive anchorage from the surrounding living bone. Skeletal 
anchorage devices comprise of dental prosthetic implants, palatal implants, onplants, zygoma 
wires, skeletal plates and miniscrews.34-43 These devices can be placed anywhere from the 
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edentulous jaw on the alveolar ridge, the interdental septum, infra-apical and supra-apical 
areas between teeth, the palate (median, paramedian and lateral), the retromolar area and the 
zygomatic bone. They can be an anchor from which a force can be applied directly to the 
tooth or teeth, or provide anchorage indirectly by conferring anchorage to a tooth or group of 
teeth by providing an anchor from which it can be rigidly attached to.  
 
Skeletal anchorage was first reported by Gainsforth and Highley in 1945 when they used 
vitallium implants in a dog model, in an attempt to use basal bone as anchorage to move their 
canines. This study failed as all the implants failed within 3 weeks, and histologically there 
was significant bone loss at the implant site.44 In the 1970s Linkow used an implant as a 
replacement for a missing molar which was used for anchorage with Class II elastics to 
retract the upper anterior teeth with fixed appliances.45 The modern era of skeletal anchorage 
began in the 1980s when Creekmore and Eklund published a case reporting the use of a 
vitallium screw placed in the anterior nasal spine used to intrude upper anterior teeth.46 
 
2.1.3.2 Dental Implants 
Roberts first introduced the use of dental implants for anchorage in the 1980s in animal 
studies.47,48 He then placed specially designed implants in the retromolar area for anchorage 
for intrusion and mesial translation of second and third molars into a first molar extraction 
site.49 He then continued this line of research to quantify the rate of movement of the 
molars.50 
 
Kokich described the use of dental implants for orthodontic anchorage in the adult patient.43 
Dental Implants are commonly used to replace missing teeth in adults. These patients 
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however, sometimes require orthodontic treatment to align teeth, consolidate spaces and or 
augment bone. Dental implants can be placed prior to or during orthodontic treatment 
depending on when the anchorage is required. This depends on a thorough diagnosis and 
treatment planning in all three planes of space. A provisional restoration made out of 
composite resin can be attached to the implant during orthodontic treatment to make bonding 
to fixed appliances simpler.43 It must be kept in mind that once orthodontic treatment is 
complete the dental implants will be used to support a prosthesis replacing the missing teeth 
or tooth and therefore this will dictate the location where the implant is placed. The location 
of where the implant is to be placed can be determined with the aid of a diagnostic wax up 
pre-treatment.  
 
2.1.3.3 Palatal Implants 
Palatal implants are similar to dental implants except they are placed in the palate and not in 
the alveolar ridge and are not used to replace missing teeth. The Orthosystem is a specially 
designed palatal implant for orthodontic anchorage. It was introduced in 1996 by Wehrbein 
and co-workers for both direct and indirect anchorage.34,51 The Orthosystem palatal implants 
were 3.3mm in diameter and came in lengths of 4 or 6mm. They are placed in the mid-
sagittal anterior palate and were used to help retract the upper anterior teeth when upper 
posterior maximum anchorage was required.51 A recent dog study questioned the restrictive 
growth effects of the palatal implants when placed in the mid-sagittal/median region.52 Zuger 
however showed that similar success (95.2%) could be achieved by placing the Orthosystem 
palatal implants in the paramedian region, which is just lateral to the mid-palatine suture.53 
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2.1.3.4 Onplants 
The onplant is a thin titanium alloy disk with a tapered shape periphery with dimensions of 2 
mm in thickness and 10 mm in diameter. Block and Hoffman reported its first successful use 
in 1995 when it was placed in dogs and monkeys sub-periosteal in the palate.54 Janssens et al. 
2002 reported its use in a 12 year old girl with tooth aplasia and a secondary cleft palate to 
extrude maxillary molars.55 Its advantages were claimed to be that it did not interfere with 
any growing or important structures, and that it was loading up to 160 G of force for 17 
weeks. More clinical trials are required before it can be routinely used.  
 
2.1.3.5 Zygoma Wires 
In situations when patients have lost multiple teeth and surrounding bone, the highest quality 
bone can be found in the region of the zygomatic arch and the infrazygomatic crest. As a last 
resort when no other possible sources of anchorage can be found Melsen et al. 1998 used 
zygoma ligatures to confer anchorage to the maxillary dentition.37 A horizontal canal was 
drilled approximately 10mm lateral to the alveolar process and teeth in the superior portion of 
the infrazygomatic crest. A stainless steel ligature was then passed through this canal to the 
maxillary dentition conferring anchorage immediately. This technique did not require any 
special materials and the materials that were used were relatively inexpensive. The 
disadvantage of this treatment is that it is very invasive.  
 
2.1.3.6 Skeletal Plates 
Skeletal plates are small titanium miniplates that are temporarily placed in the maxilla and 
mandible surgically with bone screws, away from the teeth so that the bone screws do not 
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interfere with tooth movement. The surgical procedure to place skeletal plates may or may 
not require a general anaesthesia. The first reported skeletal plates used in orthodontic 
anchorage was by Jenner in 1985 to distalise a lower molar in order to relieve some 
crowding.36 Umemori et al. in 1999 popularised skeletal plates by intruding lower molars to 
close open bites 40. The skeletal plates were placed in the apical regions, above the apex of 
the teeth, of the buccal cortical bone under conscious sedation and local anaesthesia. 
Cephalometric analysis demonstrated that the open bite was closed due to intrusion of the 
lower molars and autorotation of the mandible and not extrusion of the anterior teeth. 
Sherwood et al. 2002 was also successful in closing open bites in 4 patients using skeletal 
plates to intrude upper molars.56 Sugawara et al. introduced distalising whole upper and lower 
arches with the skeletal anchorage system.57,58 
 
Skeletal plates have the advantage of being away from teeth and thus are able to confer 
anchorage to the molars in a direct or indirect method, allowing the molars to move in any 
direction unhindered.41 The screws attaching the skeletal plates to bone will still 
osseointegrate even when loaded.59  
 
Skeletal plates can also be used to provide anchorage for growth modification. In 2002, De 
Clerck introduced a zygoma anchorage system where ‘mini-plates’ were used to increase 
forward maxillary growth.60 Patients would wear elastic bands from the mini plates in the 
posterior maxilla to the anterior mandible. The advantage of this system is that there would 
be no dental side effects, i.e. no loss of anchorage or unwanted tooth movements, as the force 
is transmitted directly to and from skeletal structures only.61-63 Heymann et al. found in 6 
patients through cone-beam computer tomography scans taken before and after treatment that 
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there was an improvement in skeletal relationship, mainly through maxillary advancement 
with little effect on the dentoalveolar unit.63 Kircelli and Pektas also found good success in 
protracting the maxilla using skeletal plates and reverse pull headgear.64 
 
Skeletal plates are sometimes considered to be an invasive method of skeletal anchorage, 
however Cornelis et al. found that although raising a flap was necessary for placing a skeletal 
plate, it was considered an easy and relatively short surgical procedure that can usually be 
performed with the patient under local anaesthesia with very little complications, and 
therefore can be considered a safe and effective adjunct for orthodontic treatment.65 In 
another study examining patient and orthodontist’s perception of skeletal plates, it was found 
that 72% of patients did not mind having the skeletal plates and 82% of patients thought the 
surgical experience was better than expected with very little pain or discomfort.66 
 
2.2 Orthodontic Miniscrews 
2.2.1 Introduction and History 
A miniscrew consists of a head, a collar and a threaded shaft. It can be made out of titanium 
or stainless steel. It is screwed through the attached soft tissues and into the underlying bone, 
thus conferring anchorage to the dentition by an attachment in either a direct or indirect 
manner. Miniscrews have also been referred to as mini-implants67-69, micro-implant70-72, 
microscrew implant73,74, mini-dental implant75 and miniscrews.76-79 These names all describe 
the same group of devices that are in essence a ‘miniature’ dental implant screw that is used 
in orthodontic treatment. 
 
A COMPARTIVE STUDY OF THE RETENTIVE CAPABILITY OF THE SYDNEY MINI-SCREW WITH 
6MM ORTHODONTIC ANCHORAGE MINISCREWS IN THE TIBIA AND FEMUR OF NEW ZEALAND 
RABBITS BY REMOVAL TORQUE TEST 
	  
	   14	  
As mentioned previously, the age of miniscrews started when Creekmore and Eklund used 
vitallium bone screws, placed just below the anterior nasal spine to correct a deep bite.46  The 
maxillary central incisors were intruded 6 mm in 12 months and the deep bite was corrected. 
The first modern miniscrew system, the K-1 System, was introduced by Kanomi in 1997.80 
Then a year later Costa, Raffaini and Melsen introduced the Aarhus anchorage system.81 
 
The advent of skeletal anchorage is as significant to the speciality of orthodontics as was the 
introduction of pre-adjusted appliance, memory wires or even bonding. It allows for tooth 
movements that were previously untreatable with fixed appliances alone, such as the 
intrusion of molar teeth for the correction of open bites.  
 
2.2.2 Miniscrew Characteristics  
The characteristics of an ideal skeletal anchorage system would include:42,79 
(1) Simple to use 
(2) Biocompatible 
(3) Fracture resistant 
(4) Easy placement and removal 
(5) Inexpensive 
(6) Immediately loadable 
(7) Able to withstand a range of orthodontic force 
(8) Does not interfere with tooth movement 
(9) Does not rely on compliance 
(10) Small dimensions 
(11) Immobile 
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(12) Does not interfere with function  
(13) Does not irritate soft tissues 
 
Miniscrews are relatively simple to use compared to skeletal plates, dental implants, palatal 
implants, onplants and zygoma wires as they do not require a major surgical procedure. This 
simplicity means that the orthodontic practitioner could perform the procedure without the 
help of a surgeon or any general anaesthetic. Miniscrews are also biocompatible, easily 
placed and removed, relatively inexpensive, immediately loadable, able to withstand a range 
of orthodontic forces, does not rely on compliance, have small dimensions and are immobile. 
However there have been reports of miniscrews drifting/moving under orthodontic force 
application.82-86 The amount of movements reported were less than 1mm and it can be argued 
that it could be attributed to measurement error. If indeed the miniscrews did move on 
orthodontic force application then movements of less than 1mm are clinically insignificant let 
alone detectable. The site of miniscrew placement is important as it could interfere with tooth 
movement, interfere with normal functioning, damage vital structures or irritate soft tissues.87 
 
2.2.3 Composition 
The ideal composition of a miniscrew would be a material that is biocompatible and fracture 
resistant. Biocompatibility implies that it does not cause inflammation or provoke an immune 
response, is non-toxic and allows for tight contact with bony tissues for stability. It is very 
important for a miniscrew to be fracture resistant because if it fractures it may leave a 
fragment in the bone which may be very difficult, invasive and destructive to remove. The 
fracture resistance of a miniscrew depends on the tensile strength of the material used to 
construct it. Tensile strength is the stress (force per unit area) required to pull apart a material. 
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These stresses are measured in mega Pascals (MPa). It is also important that miniscrews do 
not bend or deform under loading, insertion or removal. This is measured in yield strength, 
which is defined as the stress required to permanently deform a material, also measured in 
mega Pascals. 
 
Miniscrews are manufactured from biocompatible materials. The first miniscrews were made 
from vitallium, a cobalt chromium alloy that is biocompatible and which is used in removable 
partial dentures. However it was discovered to be unsuitable as a miniscrew material as 
Gainsforth and Highley found adverse bone reactions leading to the loss of the screw.44 Gray 
found in a rabbit study that loaded vitallium miniscrews with a range of orthodontic forces 
(60-180 grams) had no histological sign of mobility but did however find connective tissue 
encapsulation of the screw.88 
 
High-grade stainless steel is also used in miniscrews, such as the self-drilling orthodontic 
mini implants from Leone Orthodontics. High-grade stainless steel is 316L stainless steel and 
is an iron alloy with 18% chromium, 12% nickel, 2% molybdenum, and 0.03% carbon.89 
High-grade stainless steel is biocompatible but is not an ideal material for miniscrews as it 
suffers the same fate as vitallium (does not osseointegrate). Albrektsson et al. placed titanium 
and stainless steel screws in rabbits and after 3 months demonstrated that with the titanium, 
there was bony contact with the screw surface.  There was no bony contact with the stainless 
steel screw as it had a 1-2 cell layer in between the screw and bone, and also had plenty of 
inflammatory cells surrounding the stainless steel screw.90 Having no bony contact and 
inflammatory cells around it means that the chances a stainless steel miniscrew is stable and 
immobile is much less than a titanium miniscrew. Stainless steel has a yield strength of 690 
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MPa and a tensile strength of 965 MPa, which are higher than commercially pure titanium 
but less than titanium alloy (Ti6-Al-4V).89,91 
 
Most miniscrews are made from titanium and other metal alloys. These include pure titanium 
or commercial pure titanium (cp Ti), titanium-6-aluminium-4-vanadium (Ti6-Al-4V also 
grade 5 titanium), and beta titanium (Ti-33Nb-15Ta-6Zr).79,92 Titanium is biocompatible and 
is able to form close contact with bone resulting in a stable and immobile miniscrew.90 There 
are 4 grades of commercially pure titanium, depending on the amount of impurities such as 
nitrogen, carbon, iron, oxygen and hydrogen.91  
 
Titanium alloys have superior mechanical properties than commercially pure titanium, which 
include a higher yield and tensile strength.89,91,93 This means miniscrews made of titanium 
alloys have higher fracture resistance. An in-vitro study by Iijima et al. demonstrated that 
when pure titanium and titanium alloys were torqued to failure, titanium alloys had higher 
torque values.94 The modulus of elasticity of commercially pure and titanium alloys are also 
lower than 316L steel, which have been hypothesised to have better force distribution to 
bone.89,95 
 
There were concerns of potential toxicity of vanadium in the titanium alloy Ti-6Al-4V, but 
since it was completely integrated into the alloy, it has shown no signs of lost cell vitality.96 
Due to the inferior mechanical properties of commercially pure titanium, it is suggested that 
predrilling would be required to reduce the chance of miniscrew fracture that may eventuate 
from the insertion torque generated in self-drilling or self-tapping screws. Therefore the 
majority of miniscrews are manufactured using titanium alloy.79,91  
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2.2.4 Pre-drilling vs. Self Tapping and Self Drilling 
Miniscrews and surgical screws (used for skeletal plates) can be pre-tapped, self-tapping or 
self-drilling. Pre-drilling implies the drilling of a pilot hole before the placement of a 
miniscrew. A pre-tapped screw is one that requires pre-drilling with a drill that also taps a 
thread into the bone so that the screw can engage it with its threads.  
 
A self-tapping screw in woodwork or metal work is one that has a tip that contains flutes and 
blades, which drills a pilot hole and drills threads into the bone so that the threads in the 
cylindrical portion of the body of the screw may engage. On the other hand, in surgery and 
orthodontic miniscrews a self-tapping screw requires a pilot hole drilled and cannot drill a 
hole on its own.97-99 The design of the tip of a self-tapping miniscrew however is similar to 
the woodwork and metal work definitions; that is it contains blades and flutes to tap threads, 
except it is used in a different way. It only taps threads once it engages through the pilot hole. 
Traditionally the choice of self-tapping or self-drilling depends on the density and hardness 
of the material. Dense and hard materials such as sheet metal require self-tapping screws 
because the tip drills a pilot hole and taps a thread, reducing the pressure when the threads do 
engage. This method prevents the metal from cracking, which may happen with a self-drilling 
screw.  
 
A self-drilling screw is one that does not require pre-drilling. It has a continuous thread 
through the cylindrical body to the tapered point. Soft materials such as wood usually require 
self-drilling screws as the pressure of a self-drilling screw provides primary stability. This 
reason can be extrapolated to bone, though there are suggestions that the pressure a self-
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drilling miniscrew can create may lead to damage to the bone or can lead to fracture of the 
miniscrew.98 Most orthodontic miniscrews are self-drilling but come with the option of pre-
drilling.99 This is to aid the self-drilling miniscrew drill through dense cortical bone, which 
reduces the risk of miniscrew fracture.100 If a pilot hole is drilled for a self-tapping or a self-
drilling miniscrew, then the pilot hole should be no more than 85% of the diameter of the 
shaft for optimal stability.101,102 
 
2.2.5 Miniscrew dimensions 
Miniscrew dimensions differ in length and in diameter. The shaft diameter of miniscrews can 
range from 1.2 mm to 2.3 mm and length from 4 mm to 15 mm.99 The ideal dimensions of a 
miniscrew would be one that is: 
(1) Small enough to avoid important structures and to minimise or eliminate soft tissue 
irritation 
(2) Retentive 
(3) Resistant to fracture 
 
A smaller diameter miniscrew means less chance of hitting a vital structure, such as roots of 
teeth and the periodontal ligament, but it also means an increased risk of fracture.100,103 An 
increasing diameter results in increased primary stability due to a high insertion torque, 
however an insertion torque too high may lead to failure due to compression and damage of 
the bone.104,105  
 
Morarend et al. found in an in-vitro study that a larger diameter miniscrew offered more 
anchorage or more resistance to heavier forces than a smaller diameter miniscrew.106 Lim, 
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Cha and Hwang in a finite element analysis found that increasing the diameter and not the 
length of the screw reduces stresses transmitted to the cortical bone.107 In a study by 
Miyawaki et al., it was found that miniscrews of diameter 1mm had lower success rates than 
miniscrews with diameters of 1.5 mm or more.108 This was attributed to the reduced initial 
stability achieved by the smaller diameter miniscrew. 
 
As it is appropriate to choose an ideal diameter for a miniscrew, an ideal length is also 
important as it may impact on the retention and success.  However it must be kept in mind 
that the longer the screw, the increased risk of iatrogenic damage to important structures such 
as roots of teeth, the periodontal ligament, nerves, major blood vessels and perforation of the 
maxillary sinus. It may seem that an increased in length in miniscrew might result in 
increased retentive capabilities but in reality the thickness of cortical bone is much more 
important.108-112  
 
A study by Topouzelis and Tsaousoglou found significant correlation between success rates 
with miniscrew length.113 It was found that the success of 8 mm miniscrews was 5.7 times 
higher than that of 10mm long miniscrews. Chen et al. found that increasing miniscrew 
length had a statistically significant effect on success rates.114 On the contrary Justen and de 
Bruyn found that miniscrew length had no influence on success.115  Consideration must be 
given that increasing the length of a miniscrew also increases the risk of injury to teeth roots 
or other anatomical features. Deguchi et al. recommended miniscrew lengths to be around 6-8 
mm for safe placement.116 
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Insertion torque increases with increasing miniscrew length, but not as much as increasing 
diameter.104 Conical thread designs achieved superior primary stability to cylindrical thread 
designs.111 Inserting a miniscrew into cortical bone at 60 to 70 degrees was found to increase 
primary stability as the cortical bone to implant surface contact increase.117,118 A finite 
element analysis into the distribution of forces along the length of a miniscrew demonstrated 
the majority of the load borne is within the cortical bone.76 Park suggested that placing longer 
miniscrews at an angle could avoid roots and increase primary stability.118 The head of a 
miniscrew must be longer than the thickness of the surrounding soft tissues to avoid soft 
tissue overgrowth.119 The ratio of the length of the threaded shaft to the head of a miniscrew 
should be at least 1:1. Mucosal thickness can reach up to 4mm in depth, therefore the shortest 
shaft length should be 4mm.119 
 
Miniscrews must have a contact surface area with the cortical bone to resist orthodontic 
forces. A longer screw with a small diameter might have increased risk of fracture. Favero et 
al. suggested that the ideal length should be inversely proportional with the diameter.120 
Miniscrews mainly come in lengths of 6 mm, 7 mm, 8 mm, 9 mm, 10 mm and 12 mm.  
 
2.2.6 Withstanding Orthodontic Force 
In order to be successful, miniscrews must withstand the stresses and strains of orthodontic 
force.  Miniscrews can be lost due to excessive stress on the implant to bone interface.87,121 In 
direct anchorage situations forces are light and continuous. For indirect anchorage a 
miniscrew experiences continuous orthodontic force transferred from the anchor tooth (tooth 
attached to the miniscrew) and also intermittent forces from occlusion and function. 
Depending on the location where the miniscrew is placed, it may also directly experience 
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forces from the mastication of food. An example of this would be a miniscrew that is placed 
in the palate that would have direct contact to food during mastication and intermittent forces 
from the tongue.  
 
The maximum force a miniscrew can withstand is proportional to the diameter and length and 
also the quality of bone and the level of osseointegration.120 Miniscrews can experience 
orthodontic forces, 30 to 250 grams, or orthopaedic forces, 250 to 1500 grams.120 Loosening 
of a loaded miniscrew can be due to low bone density and inadequate cortical bone 
thickness.76,87 Larger diameter screws are more able to withstand orthopaedic forces.122,123 
Dalstra reported that when a miniscrew is placed into thin cortical bone, no more than 50 
grams of force can be applied.124 Buchter reported that in dense and thick mandibular cortical 
bone a miniscrew could remain stable under loads of up to 900 grams, and found a 
correlation between tip moments and miniscrew failure.125 Most studies show high success 
with miniscrews loaded with less than 300 grams of force.49,71,81,87,125 In areas with reduced 
bone density and reduced cortical bone thickness, increasing the length does not increase the 
retention of the miniscrew.83 
 
2.2.7 Immediate Loading 
Immediate loading implies applying an orthodontic force on the miniscrew immediately after 
insertion and not waiting for a healing period.  The advantage of loading a miniscrew 
immediately is that orthodontic forces can be applied immediately. The fear of loading a 
miniscrew immediately was that it might interfere with the healing and osseointegration, 
ultimately leading to early loss of the miniscrew.120 However more contemporary studies 
suggest that immediate loading of miniscrews is possible without impacting on success.118 
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The first dental implant studies by Braanemark stressed that a healing period is necessary to 
achieve maximum bone to implant contact.126 Other in vivo studies on dental implants 
demonstrated that too early loading resulted in an increased failure rate.127,128 Animal studies 
also confirmed this finding.129-131 The dental implants in these studies however, were not 
loaded with orthodontic force but with forces from the occlusion via a dental prosthesis. 
Roberts observed spontaneous fractures after immediate loading of implants in rabbit femurs 
and advised against immediate loading.  However the 100 gram load and the 3.2mm diameter 
implant were high with reference to the rabbits’ size.47 Roberts then in a human study loaded 
his dental implant with 200 grams of orthodontic force after a healing period of 4 months to 
close a mandibular first molar space with success.132 Wehrbein and Diedrich demonstrated in 
a dog study that after a 25 week healing period, long-term orthodontic tooth movements were 
feasible to close large spaces.133  
 
The immediate loading of surgical screws is a normal procedure in orthognathic and 
orthopaedic surgery. In these surgeries load-bearing bone is plated together using screws and 
plates. With the advent of such surgery as distraction osteogenesis, a distractor is held to bone 
by bone screws, and after a few days of healing heavy forces are utilised to move bone 
segments apart.134 Some may argue that these screws are only temporarily required (months) 
so there should be little concern about its stability in the long term, but orthodontic 
miniscrews are considered to be temporary implants too. Orthodontic miniscrews do not 
experience the same heavy and intermittent forces from function, i.e. mastication, as dental 
implants do. The loading of screws used for fixating the device used in distraction 
osteogenesis is very different to what an orthodontic miniscrew endures. Forces acting on 
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orthodontic miniscrews are predictable, predetermined and are uniform. Melsen and Costa 
tested the immediate loading of the Aarhus Miniscrew in macaca fascicularis monkeys and 
found immediate loading was indeed possible as their histological examination showed 
osseointegration.135 They also discovered that the type of bone where the miniscrew was 
placed was important for stability. Miniscrews placed in the symphysis area were encased by 
dense lamellar bone, whereas miniscrews placed in the zygoma were encased by trabecular 
bone. Buchter et al. also found in a mini-pig model that immediate loading of miniscrews can 
be performed without loss of stability when the load-related biomechanics do not exceed an 
upper limit of tipping moment at the cortical bone.125 Luzi et al. performed a histological 
examination on the immediate loading of miniscrews with light forces (50 cN) against an 
unloaded control and found that immediate loading seems to induce an earlier increase in 
bone formation and a decrease in bone resorption, confirming the positive role of mechanical 
loading in increasing bone activity.136 Chen et al. in a systematic review found the evidence 
in favour of immediate loading, describing the ability of immediately loaded screws to form 
high bone-to-implant contact and not fibrous union.137 Kim and co-workers performed a 
histomorphometric investigation of the bone to metal contact of early loaded (200-300 grams) 
miniscrews in beagle dogs and found that both self-drilling and self-tapping screws showed 
signs of osseointegration.138. 
 
2.2.8 Soft Tissues and Functioning 
For a miniscrew to be successful the surrounding soft tissues must be free of inflammation 
and infection.87 It is recommended that a miniscrew be placed in attached gingiva as 
placement in unattached gingiva can irritate the movable mucosa causing ulcerations and 
inflammation. Miniscrews have the option of being placed directly into bone after raising a 
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flap, or having a circle of tissue punched out, or flapless and without a tissue punch. It is 
important to have a good trans-gingival collar design on the miniscrew because it forms a 
bond with the mucosa to prevent entry of microorganisms.  
 
Topouzelis and Tsaousoglou found the success rate was 24 times higher if a miniscrew was 
placed in attached gingiva as opposed to movable mucosa.113 It is recommended that 
miniscrews should be inserted in keratinized gingiva.76,139 Placing miniscrews in non-
keratinized mucosa resulted in higher failure rates.140,141 When miniscrews are placed in 
keratinzed gingiva, the risk of hyperplasia and inflammation is lower.76,142 
 
The surgical procedure, whether flapped or flapless, was significantly correlated with 
success, with flapped procedures having a lower success rate.113 Kuroda et al. found a higher 
success rate for flapless procedure and also less pain and discomfort after placement.143 
However Miyawaki et al. found no correlation between surgical procedure and success and in 
another study there were lower success rates with a flapless procedure.108,144 The differences 
in these studies could be due to different placement locations of the miniscrews, as success is 
reduced when miniscrews are placed in movable mucosa and increased when placed in 
attached gingiva.  
 
As the use of incisions has become less acceptable, the tissue punch or directly inserting the 
miniscrew through the soft tissues became more prevalent. A tissue punch is a less invasive 
form of perforating the soft tissues to allow better visualisation of the bone before miniscrew 
placement. This is especially important if pre-drilling is required. There are no studies 
looking at the effect of a tissue punch on success but Lin et al. found less bleeding and clean 
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cut margins resulted in higher success.79 Inserting the miniscrew through the gingiva, that is 
using the miniscrew to perforate the soft tissues, may cause tissue tearing, wound edges and 
bruising and may compromise gingival healing. Research in this area is lacking. 
 
Any perforation of the soft tissues provides an entry point for microorganisms that may cause 
inflammation and infection (peri-implantitis and peri-mucositis). Inflammation must be 
avoided to prevent premature loss of the miniscrew.108,118,135,139,140 Therefore the trans-
gingival collar must be of good design to provide a good seal and the patient must maintain 
their oral hygiene at a very high standard.  
 
Costa et al. reported that typical gingival thickness ranges from 1.4 mm to 4.2 mm, 
depending on the region where it is measured.119 Muller et al. found similarly that depending 
on the location in the mouth and gender, the gingival thickness ranges from 0.7 mm to 4 
mm.145 The lengths of trans-gingival collars for most miniscrews range from 1-3 mm. Having 
a longer trans-gingival collar may not be an advantage if the gingival thickness is small as it 
may become a plaque trap, increasing the risk of inflammation and infection. It is indicated to 
measure the gingival thickness (once local anaesthesia has been achieved) to select a suitable 
miniscrew with the ideal trans-gingival collar length. 
 
2.3 Success and Failure Rates 
2.3.1 Introduction 
The definition of success of miniscrews can range from the achievement of the objective, i.e. 
no loss of anchorage, to being void of complications, i.e. stable, free of infection and 
inflammation and no iatrogenic damage.108,113,118 Most studies define the success of a 
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miniscrew as its survival.141,143,146 There is no clear standardisation of the criteria for success 
in the literature.120 
 
As stated above studies have different definitions of success with the use of miniscrews. It is 
difficult to compare studies with different definitions of success because defining success as 
no loss of anchorage is an overestimation of success when compared to success being void of 
complications. An example of this would be the loss of a miniscrew without the loss of 
anchorage. This would be a success in studies that define success as no loss of anchorage but 
would be classified as a failure in studies that define success being free from complications. 
 
2.3.2 Success Rates 
The success rate of miniscrews in the literature ranges from 61-100%.38,147,148 In a meta-
analysis by Schatzle et al. it was found that the failure of onplants, miniscrews, skeletal plates 
and palatal implants to be 17.2%, 16.4%, 7.3% and 10.5% respectively.146 Tsui et al. in a 
systematic review found that the success rates for miniscrews ranged from 61-100%, 91.4-
100% for skeletal plates and 74-93.3% for palatal implants.38  
 
Other studies not only looked at success or survival rates but also identified risk factors for 
failure.108,113,118,141,143,149,150 Miyawaki found higher success rates with larger diameter 
miniscrews, with 0% success for 1 mm and 85% success for 2.3mm miniscrews, and a 
reduced success rate with high mandibular angle cases and if inflammation was present.108 
Topouzelis and Tsaousoglou related success to the diameter, length, type of soft tissues and 
force.113 What was interesting about this study was that even though the overall success rate 
was 90.2%, for every additional miniscrew placed there was a 67% reduction in success. Park 
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et al. found inflammation, mobility, the jaw (mandible) and the right hand side adversely 
affected success, but had overall a 91.6% success rate.118 Viwattanatipa et al. placed 97 
miniscrews in 49 patients and found that one stage had higher success than 2 stage miniscrew 
placement, placing miniscrews in non-keratinized gingiva reduced success, and the success at 
6 months to 12 months dropped from 85% to 57%.141 Kuroda et al. discovered that root 
proximity is a major risk factor for miniscrew failure, which was also found by Park et al. 
who also noted that miniscrews had higher risk of failure if placed in the mandible as 
opposed to the maxilla.118,150 Another study by Kuroda et al. found that miniscrews placed 
without flap surgery had high success rates with less pain and discomfort after surgery than 
miniscrews placed with flap surgery.143 An interesting conclusion of this study was that the 
miniscrew, which did not require raising of a flap, had a higher success rate (88.6%) 
compared to the placement of skeletal plates (86.8%) and also had less discomfort for the 
patient. Though the difference between the success rate of miniscrews and skeletal plates 
were not clinically significant, the fact that both results were comparable and miniscrew 
placement was much more comfortable for patients makes miniscrews the more appealing 
option for clinicians. Karagkiolidou et al. performed a retrospective cohort study looking at 
the survival rate of miniscrews (1.6 mm diameter by 8.0 mm length) in the paramedian region 
of the anterior palate.149 A success rate of 97.9% was found even though the miniscrews 
experienced high forces from the RME and intermittent occlusal forces transmitted through 
the TPA. Miura et al. found in a rat study that low-intensity pulsed ultrasound improved 
osseointegration around miniscrews placed in the growing animal model.151 
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2.3.3 Primary vs. Secondary Stability 
2.3.3.1 Introduction 
The definition of primary stability is the stability of a recently placed implant.110,152 It is 
described as a function of the mechanical retention of the implant in the bone and is therefore 
greatly influenced by the design of the implant shank (threads) and the density and amount of 
the implant bed bone.152-154 Primary stability is important for the healing and remodelling 
period. This is especially important if the miniscrew is being immediately loaded, as the 
miniscrew must remain stable during the loading period. Secondary stability is defined as the 
stability after the healing and remodelling period and is a consequence of bone formation and 
remodelling at the implant-bone interface and the surrounding bone.110,153 It is dependent on 
the host’s response to the implant and is determined by biologic reactions in addition to 
mechanical retention.155  
 
The factors that affect primary stability include bone quality, implant design, insertion 
modalities and insertion torque.110,155 Studies that focus on insertion torque have very high 
success rates (98.1%-100%).105,156 Therefore it appears insertion torque has a significant 
impact on success. High insertion torque equates to high primary stability, which appears to 
increase success.110 
 
Secondary stability is a biological response that relies on the host response to the miniscrew. 
It requires the formation of healthy hard and soft tissue around the miniscrew. Having high 
insertion torque carries the risk of damaging the surrounding hard and soft tissues around the 
miniscrew.153 Excessive bone compression leads to cell death and necrosis leading to 
resorption around peri-implant tissues.157 A study by Huiskes and Nunamaker looked at the 
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effects of high stresses acting on orthopaedic bone screws and found that it resulted in 
loosening of the screws and bone resorption.158 In regards to secondary stability a high 
insertion torque can be regarded as unfavourable.  
 
2.3.3.2 Insertion torque 
High insertion torque increases primary stability but negatively affects the biological tissues 
resulting in decreased secondary stability. Clinically a miniscrew placed with high insertion 
torque would provide adequate primary stability but over time would become loose and fall 
out. The ideal situation would include an insertion torque range high enough to provide 
adequate primary stability and low enough to maintain the vitality of the surrounding tissues 
to generate a favourable host response and thus enhance secondary stability. 
 
Motoyoshi et al. in 2006 investigated the adequate placement torque for obtaining a better 
success rate of mini-implants that were screwed into the buccal alveolar bone of the posterior 
region as an anchor for orthodontic treatment by measuring the insertion torque.105 It was 
found that overall success was 85.5% but when the sample was divided into groups of low 
insertion torque (less than 5 Ncm), medium insertion torque (5-10 Ncm) and high insertion 
torque (10 Ncm and above) very different results were observed. There was no significant 
difference in success between the maxilla and mandible, right and left side, gender or patient 
age. The low insertion torque group achieved a success rate of 72.7%, the medium 96.2% and 
high 60.9%. This study suggests that when insertion torque was in the range of 5-10 Ncm, 
significantly higher success rates can be expected. The factors that affect insertion torque are 
the thickness and density of cortical bone, the method of insertion and the miniscrew 
design.110,111,117,153,155,156 
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2.3.3.3 Bone 
Many studies in dental implantology show a great deal of dependence of the insertion torque 
and primary stability on the quality of the bone.109,159,160 Wilmes and co-workers in 2006 
demonstrated by linear regression a high correlation with cortical bone thickness and 
insertion torque (R2 = 0.83).110 The insertion torque in this study only achieved the ideal 
range when the cortical bone thickness was 0.5 mm to 1.0 mm. This was in agreeance with 
Homolka et al. who in a computer tomography study examined the correlation between the 
quality of bone (Bone mineral density) and insertion torque, and found a strong correlation 
(R2 = 0.83).159 Motoyoshi et al. 2007 looked at the effect of cortical bone thickness and 
insertion torque on the stability of miniscrews (1.6 mm diameter and 8 mm in length) in 
thirty-two patients in a computer tomography study.156 They found an overall success rate of 
87.4% with 100% success with miniscrews placed with an insertion torque of 8-10 Ncm but 
found there were more failures when the cortical bone thickness was less than 1 mm. Song 
and co-workers found that for miniscrews with a taper design, insertion torque increased as 
artificial cortical bone thickness increased.161 Wilmes and Dresher in 2011 looked at the 
effect of cortical bone thickness and pre-drilling on insertion torque.162 A high correlation 
between insertion torque of the conical designed miniscrew (Dual Top) and a less distinct 
correlation of the cylindrical designed (Tomas) was found with cortical bone thickness. 
Insertion torques increased with smaller pre-drilling diameters in all miniscrew groups.  
  
2.3.3.4 Miniscrew Design 
The design of the threaded shaft of a miniscrew can increase its retentive capabilities and 
therefore increase the insertion torque and primary stability. The difference between the outer 
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diameter describing the shaft plus threads and the inner diameter describing the shaft without 
the threads can also increase the retentive capabilities of a miniscrew. Wilmes et al. compared 
the intra-osseous part of the miniscrew and found for the same diameter and length a conical 
design was more retentive (higher insertion torque) than a cylindrical design, and this was 
made more evident with reduced cortical bone thickness.110 Another study by Wilmes and co-
workers confirmed the superiority of the conical design over the cylindrical design by 
comparing six different brands of screws of different designs and lengths.111 A positive 
relation was again found with diameter and insertion torque.  
 
O'Sullivan and co-workers investigated the primary and secondary stability characteristics of 
endosseous titanium implants with and without a taper and found that there was a higher 
insertion torque with implants with a one and two degree taper compared with no taper.153 
Having a taper induces compression within the cortical bone when inserting the screw, which 
forms a mechanical lock and thus primary stability. Lim and co-workers showed that the 
insertion torque significantly increased with increasing screw length and diameter.104 The 
change in the outer diameter had the most significant effect on the insertion torque.  
 
2.3.3.5 Method of Insertion 
Miniscrews can be placed with pre-drilling or can be self-drilling. Wilmes and co-workers 
showed that pre-drilling could reduce the insertion torque.110 This is beneficial when the 
cortical bone thickness is high to achieve the optimal insertion torque range. It was also 
demonstrated that the fracture point for the 1.6 mm diameter and 8-10 mm length miniscrews 
was an insertion torque of 230 Ncm.  
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Wilmes and co-workers in 2008 analysed the impact insertion angles had on primary 
stability.117 Two different sized miniscrews (Dual-Top Screw 1.6 x 8 mm and 2.0 x 10 mm) 
were placed at seven different angles (30°, 40°, 50°, 60°, 70°, 80°, and 90°) and insertion 
torque was measured to assess primary stability. It was found that the most ideal primary 
stability was achieved with a 60°-70° insertion angle. Too much angle risks slippage and 
iatrogenic soft tissue damage and oblique angles risk a greater lever arm force, which can 
lead to failure.  
 
Baumgaertel suggested that in order to maintain the ideal insertion torque, pre-drilling can be 
used when there is thick cortical bone, self-drilling miniscrews can be used in thin to normal 
cortical bone, and a ratchet with torque control could be used to place miniscrews.155 
Heidemann suggested in situations where pre-drilling a pilot hole is indicated, the pilot hole 
should be 65-85% of the outer diameter of the implant.101 If the pilot hole is smaller than 65% 
of the miniscrew’s diameter then too much compression leading to necrosis and bone 
resorption may occur, resulting in failure of secondary stability. If the pilot hole was larger 
than 85% of the miniscrew’s diameter it would result in reduced insertion torque and 
inadequate primary stability.  
 
2.3.4 Method of Assessment 
2.3.4.1 Bone to Implant Contact 
Adequate stability of a miniscrew in the surrounding bone is essential for success, allowing 
for orthodontic forces to be applied. Primary stability of the miniscrew in surrounding bone is 
essential to allow for undisturbed healing and bone formation to occur. This healing or 
osseointegration leads to secondary stability. A miniscrew that has failed is described as 
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having mobility and dislodgement.108,163 Two main factors influence the primary stability of a 
miniscrew at placement. The first is bone to implant contact and the second is the role of 
compressive stresses at the miniscrew-bone interface.154 The increase in stability following 
miniscrew placement, or secondary stability, results from the regeneration and remodelling of 
bone at the miniscrew-bone interface. 
 
Therefore quantitative testing of primary and secondary stability involves quantifying the 
bone to implant contact. These tests can be divided into non-invasive clinical tests and 
invasive research.154 Non-invasive clinical tests can be performed clinically without affecting 
or compromising the success of the miniscrew. These tests include percussion testing, 
radiographic, vibration, Periostat, resonance frequency analysis, Dental Fine Tester and 
reverse torque.154,164 Invasive methods include histologic and histomorphometric techniques, 
pullout test and removal torque test.  
 
2.3.4.2 Non-Invasive Testing 
The traditional method of testing for an ankylosed tooth was tapping it to determine the 
resonances and damping of the tone produced. This was then translated to implants by 
tapping them with any metallic instrument.154 This test however is relatively insensitive to 
changes in implant stability as the ear is insufficiently sensitive to discriminate the resonance 
frequency, damping and amplitude of the tone produced and it is purely a subjective 
qualitative assessment. 
 
The Periotest (Siemens GmbH) is an electronic instrument designed to measure quantitative 
measurements of the damping characteristics of the periodontal ligament surrounding a tooth 
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or bone to implant contact, thereby establishing a value for its mobility.165 Olivé and Aparicio 
described Periotest values that had been obtained for a number of implant systems with 
typical values for the ITI implant system ranging from -5 to +5, representing a narrow range 
over a broader possible scale.166 A healthy and stable implant surrounded by bone will exhibit 
stiffness characteristics and effective mass quite different compared to a tooth supported by 
periodontal ligament, therefore it would have low Periotest values. Derhami et al. reported 
good inter-examiner reliability, but they also highlighted a number of other variables that 
may influence Periotest values: the vertical measuring point on the implant abutment, the 
handpiece angulation, and the horizontal distance of the handpiece from the implant.167 The 
use of the Periotest as a clinical diagnostic aid to measure miniscrew stability is limited by its 
poor sensitivity, susceptibility to operator variables and lack of precision.111,154 
 
The Dental Fine Tester (Kyocera) is an electronic instrument comprising of a small handheld 
hammer with an angled handpiece and plastic tip, designed to measure tooth and implant 
mobility by measuring the acceleration rate when the hammer strikes an object. A tooth or 
implant is struck with the hammer a maximum of 10 times and the mobility of the tooth is 
then averaged and displayed in Dental Fine Tester (DFT) units on a digital display.  
 
Sullivan et al. suggested applying a reverse torque test clinically to assess the 
osseointegration of titanium screw-shaped implants.168 This test was applied for dental 
implants when testing secondary stability in second stage surgery. In this technique, a reverse 
or unscrewing torque of 20 Ncm is applied to an implant. Osseointegrated implants resisted 
the reverse torque of this value, while failed implants unscrewed, demonstrating fibrous 
encapsulation and low bone to implant contact. It was reported however that even low levels 
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of torque can plastically deform the implant.154 This method is used for dental implants and 
not miniscrew implants as 20 Ncm is enough to remove a miniscrew.161 
 
Implant vibration induced by a small pulsed oscillation waveform can provide information on 
amplitude and frequency. Kaneko et al. used a pulsed oscillation waveform to analyse the 
bone-to-implant contact of implants.169 However in an in vitro study it was shown that the 
sensitivity was low for the assessment of implant rigidity.170 
 
2.3.4.3 Radiographic Examination 
Radiographic examinations are the most common clinical technique employed, not only for 
pre-operative assessment but also for evaluation of osseointegration and to assess success in 
terms of no iatrogenic damage. Radiographs can show radiolucencies around miniscrews and 
the amount of surrounding bone. Radiographs however are only a two-dimensional 
representation of a three-dimensional structure and may not be accurate. Sunden et al. 
assessed the accuracy and precision of radiographs and concluded that, despite the relatively 
good diagnostic accuracy of the technique, the probability of predicting clinical implant 
instability from radiographs was low in populations with a low prevalence of implant 
instability.171  
 
Cha and co-workers investigated whether cone beam computerised tomography (CBCT) 
could assess bone mineral density values to predict the mechanical stability of miniscrews.172 
They found that it might be difficult to predict the primary stability of a miniscrew solely 
with bone mineral density values, and screw design could play a major role in increasing the 
placement torque despite the quantity of bone. Even though CBCT is a “non-invasive” 
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method it requires a high radiation dose and therefore its clinical application is limited. It was 
concluded that CBCT might be a useful tool to assess the bone mineral density for estimating 
the stability of a miniscrew during the pre-operative assessment stages.  
 
2.3.4.4 Resonance Frequency Analysis 
Resonance Frequency Analysis (RFA) is a test used to determine implant stability based on 
vibrations of the implant within bone. It works by exciting the dental implant or miniscrew by 
mechanical means, then measures the oscillation pattern of the implant-to-bone contact, 
producing an implant stability quotient value (ISQ).164 The Osstell Mentor device is the 
resonance frequency device used for evaluating stability of dental implants and 
miniscrews.173,174 To measure miniscrew stability within bone with RFA, a horizontal force 
that is perpendicular to the long axis of the miniscrew is used.  
 
Lachmann et al. in an in vitro study looked at the stability of implants in acrylic blocks to 
compare Periotest to the Osstell Mentor Device (RFA) and found that the Osstell device was 
much more accurate.175 Zix et al. in an in vivo clinical study on 213 implants in 65 patients 
found that Periotest is more susceptible to clinical measurement variables than the Osstell 
device; therefore the RFA is the more precise technique.176  
 
Veltri et al. was the first to use RFA with miniscrews by comparing the primary stability of 
three different types of miniscrews 177. However Suzuki et al. was the first to demonstrate 
that RFA was an effective method of determining primary stability of miniscrews by finding 
a strong correlation between insertion torque and ISQ 178. Nienkemper et al. backed up this 
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finding by demonstrating strong correlations between RFA, Periotest and CBCT determined 
bone thickness 179.  
 
The Ostell Mentor Device has yet to manufacture smart pegs required to determine the ISQ 
for orthodontic miniscrews. The above studies in miniscrews all had to modify existing smart 
pegs to fit the miniscrews.  Normal ISQ values for primary stability have not been 
established. However, RFA is designed to be used in a dynamic manner, to measure the 
changes in stability a dental implant experiences after it is placed within bone and not as a 
static measure of stability such as primary stability.  
 
2.3.4.5 Histologic and Histomorphometric Analysis 
Histological analysis can be performed with a light microscope. A miniscrew’s stability can 
be studied by observing the implant-to-bone interface so cell proliferation and local bone 
morphology can be analysed. It is a qualitative analysis rather than a quantitative analysis. 
Histomorphometry is a quantitative method for establishing a percentage of bone-to-implant 
contact from the ground sections of miniscrews or implants.180,181 In this technique the 
percentage of bone contact and bone area around the threads is measured.  
 
Donath and Donath et al. described a technique to produce 10 micron mineralised sections of 
the bone-to-implant interface for light microscopy.182,183 This method of light microscopy has 
been widely used to study bone-to-implant contact and also the tissue-implant interface.180,184-
186 In the Donath et al. study, it was observed that at day five there was a large number of 
multinucleate giant cells forming along the implant-tissue interface.183 Roberts et al. studied 
the dynamics of bone tissue response to threaded titanium implants in rabbit femur and used 
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fluorescent bone labels and microradiography to demonstrate that woven bone forms close to 
the implant surface after approximately 3 days of healing.47 Over time bone filled the threads 
from the endosteal surface of the cortex and became mature within 6 weeks after implant 
placement. 
 
Histomorphometry is a quantitative method for establishing the percentage of bone-to-
implant contact and bone contact area from ground sections of implants. A light microscope 
equipped with a Microvid computer has been widely used by a number of studies.181,187,188 
Vannet et al. performed a histomorphometric analysis on the osseointegration of miniscrews 
in beagle dogs and showed that bone-to-implant contact was independent of loading time and 
location placed.189 Melsen and Costa in their histomorphometric study on immediately loaded 
miniscrews in monkeys showed that osseointegration achieved from week 1 to 6 ranged from 
10-58%.135 Melsen and Lang loaded miniscrews for 11 weeks in Maccaca fascicularis 
monkeys and found that the bone tissue turnover as well as the density of the alveolar bone 
was higher adjacent to loaded compared to unloaded implants.190 
 
2.3.4.6 Pullout Test 
Pullout testing is a test that measures a miniscrew’s anchorage potential. It is a measurement 
of the required tensional force applied vertically to the surface of bone into which an implant 
has been inserted to pull the implant out of the bone. The direction of pull out force is in the 
long axis of the miniscrew and is a test that has been used to evaluate dental implants 191. It is 
however an invasive test reserved for laboratory testing as the implant is pulled out and 
destroyed and therefore it cannot be used clinically to test the miniscrews stability 
periodically. Carano et al. investigated three different designs of miniscrews of the same 
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dimensions, and concluded that screws with an asymmetric cut show higher pullout values.192 
Leung and co-workers discovered cylindrical 2.0-mm miniscrews connected with mini-plates 
produced significantly higher pullout forces than miniscrews with smaller diameters.193 
 
2.3.4.7 Removal Torque Test 
A Removal torque test assesses the degree of bone-to-implant contact in a given implant. It is 
a test of the mechanical retentive capability of a miniscrew or implant within bone as it 
measures the critical torque threshold when the bone–to-implant contact is broken. The 
Removal torque test was introduced by Roberts et al. in 1984.47 Removal torque testing was 
then advanced by Johansson et al. and Johansson and Albrektsson.184,185 Okazaki et al. 
performed a study in dog femur to mechanically evaluate the primary stability of pure 
titanium orthodontic mini-implants, inserted into pre-drilled cavities of differing diameters by 
insertion torque and assessed by the removal torque test.194 Removal torque was measured at 
various time points from immediately to 12 weeks post-insertion. Miniscrews 1.2 mm in 
diameter were placed in 1.0 mm and 1.2 mm pilot holes with comparison of the insertion 
torque and removal torque at the time points. The miniscrews placed in the 1.0 mm holes had 
higher insertion torque and up to 6 weeks the removal torque was greater than the 1.2 mm 
removal torque. After six weeks the removal torque between miniscrews placed in the 
different pilot hole sizes were no longer different. For immediate loading of implants it is 
necessary for primary stability therefore the pilot hole must be smaller than the outer 
diameter of the miniscrew.  However over time if healing proceeds normally then there 
should be no difference in secondary stability. 
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2.3.5 Modality of Failure 
2.3.5.1 Introduction 
Failure can be described as one or more of the three possibilities:  
(1) Loss of anchorage 
(2) The loosening or mobility of a miniscrew which leads to its loss 
(3) Complications 
Loss of anchorage occurs in indirect anchorage situations, where anchorage conferred from 
the miniscrew to the anchor tooth is lost and the anchor tooth movement is an unwanted side 
effect. Stationary anchorage failure is when a miniscrew loosens and does not regain stability, 
needing to be removed and replaced.76 Complications can occur during miniscrew placement 
and after orthodontic loading in regards to stability and patient safety. Complications may not 
lead to miniscrew loss but can be counted as a failure because of iatrogenic damage done. 
Iatrogenic damage and other miniscrew complications reported are: 
(1) Trauma to the periodontal ligament 76,195 
(2) Miniscrew slippage and trauma to soft tissues 87 
(3) Nerve damage 87 
(4) Air subcutaneous emphysema 196 
(5) Nasal and Maxillary sinus perforation 87 
(6) Miniscrew bending, fracture and torsional stress 101,197 
(7) Miniscrew migration 83 
(8) Ulceration 87,198 
(9) Soft tissue coverage of the miniscrew head 75 
(10) Soft tissue inflammation, infection and peri-implantitis 38,87,108,118 
(11) Miniscrew fracture 76,87 
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2.3.5.2 Stationary Anchorage Failure 
Stationary anchorage failure is when miniscrews become mobile due to its loss of mechanical 
retention within bone. This includes loss of either primary or secondary stability. If success of 
miniscrews is between 61-100% then 0-39% would suffer from stationary anchorage 
failure.38 The stability of a miniscrew is dependent on the bone density, peri-implant soft 
tissues, miniscrew design, surgical technique and the amount of loaded 
force.49,87,103,108,113,199,200 
 
The presence of inflammation has been associated with the loss of miniscrews. Park et al. 
found the odds ratio of inflammation to failure was 0.208.118 Miyawaki et al. found that 
success rate of miniscrews in the presence of inflammation to be 54.5% compared to 86.7% 
without inflammation, with an odds ratio of 4.6 for failure in the presence of inflammation.108 
Viwattanatipa et al. found inflammatory hypertrophy associated with failure with an odds 
ratio of 3.42.141 
 
The placement location can determine success or failure of a miniscrew.200 Cheng et al. found 
the risk ratio for failure of miniscrews surrounded by non-keratinized mucosa was 1.117.140 
Topouzelis and Tsaousoglou found that placing a miniscrew in movable mucosa led to a 
failure rate of 66.7% as opposed to a failure rate of 7.6% when miniscrews were placed in 
attached gingiva.113 The systematic review by Tsui et al. proposed that the main reason for 
miniscrew failure was due to placement of miniscrews in non-keratinized mucosa, which was 
prone to peri-implant inflammation and infection.38 
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Excessive loading of a miniscrew or an unfavourable direction of load on a miniscrew may 
lead to its failure. Costa et al. related a miniscrew’s failure to an unscrewing moment created 
by orthodontic forces.81 Buchter et al. found that loosening of miniscrews were present when 
loading exceeded 900 cN mm.125 
 
A lack of primary stability can result in failure. A systematic review by Chen et al. concluded 
that success of miniscrews depends on proper initial stability.137 Park et al. found that 
mobility or lack of primary stability was correlated with failure.118 
 
Surgical techniques such as whether to raise a flap to place miniscrews or pre-drilling or not 
can increase the risk of failure. A systematic review by Cornelis et al. suggested surgical 
techniques such as pre-drilling a hole the same size of the miniscrew may lead to failure.200 
Kim et al. found pre-drilling had more mobility and less bone-to-implant contact than drill-
free miniscrews.138 Chen et al. found placing miniscrews without pre-drilling in thick dense 
cortical bone can lead to necrosis of the bone around the miniscrew and thus failure.137 
Miniscrews fail more often when placed in the posterior mandible and when placed with a 
flapped procedure.143 Topouzelis and Tsaousoglou found more failure with flapped than 
flapless procedures.113 
 
Placing miniscrews in close proximity to miniscrews can lead to failure.163 Kuroda et al. 
found the success decreased the closer the miniscrew was to roots of teeth, which was more 
evident in the mandible.150 Deguchi et al. suggested that miniscrews less than 1.5 mm in 
diameter could reduce the failure rate in the cases where the roots of the adjacent teeth are too 
close.116 
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The design of a miniscrew can determine its retentive capabilities and therefore its success or 
failure. Miyawaki et al. found that miniscrews with diameters less than 1.0 mm were prone to 
failure.108 Topouzelis and Tsaousoglou found that when the miniscrew was 8 mm in length 
the probability of success was 5.7 times higher than 10 mm long miniscrews and when the 
diameter was 1.2 mm the probability of success was 5.6 times higher than a 1.4 mm diameter, 
concluding that a large diameter and long miniscrew had higher rates of failure.113 Schatzle et 
al. found in a systematic review that miniscrews with a diameter exceeding or equal to 2 mm 
were 1.8 times less likely to fail than those with a diameter below 1.2mm.146 The conflicting 
results from these studies could be a result of other factors such as placement sites and oral 
hygiene. 
 
2.4 Animal Model 
2.4.1 Introduction 
In order to determine whether a newly developed miniscrew, or for that, any medical device, 
conforms to the requirements of biocompatibility, mechanical stability and safety, it must 
undergo rigorous testing both in vitro and in vivo.201 Results from in vitro studies can be 
difficult to extrapolate to the in vivo situation, for this reason the use of animal models is 
often an essential step in the testing of orthopaedic and dental implants prior to clinical use in 
humans. The ideal bone implant material is one of biocompatible chemical composition to 
avoid adverse tissue reaction, excellent corrosion resistance in the physiologic milieu, 
acceptable strength, a high resistance to wear and a modulus of elasticity similar to that of 
bone to minimise bone resorption around the implant.202 It is of the utmost importance that 
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adverse tissue reaction, wear and corrosion are avoided due to the high clinical significance 
for implants used in long-term clinical situations, as there have been some links between 
prolonged exposure to non-biocompatible materials and neoplastic tissue responses.  
 
It is accepted that in vitro testing be used primarily as a first stage test for acute toxicity and 
cytocompatibility to avoid the unnecessary use of animals in the testing of cytologically 
inappropriate materials. The term ‘biocompatibility’ used during in vivo testing in animals or 
humans, is often incorrectly used with in vitro tests, with the correct term being 
cytocompatibility for in vitro tests.203 In vitro testing gives information regarding 
cytotoxicity, genotoxicity, the effect on cell proliferation and differentiation and is more 
easily standardised and quantifiable than in vivo testing.204,205 Therefore in vitro studies are 
important for testing new products or materials and its potential harmful effects.206 However 
in vitro testing is not able to demonstrate the tissue response to materials, being confined to 
individual cell responses. According to Pizzoferrato et al. in vitro testing may overestimate 
the level of material toxicity due to the short life span of cells.206 In vitro studies also cannot 
simulate loading or the retentive capabilities of a miniscrew or dental implant.207 Therefore 
animal models are essential for evaluating biocompatibility, tissue response and mechanical 
function of a miniscrew or dental implant prior to clinical use in the human. 
 
An animal model allows evaluation of the effects of miniscrew materials in loaded or 
unloaded situations over a potentially long duration in animals of different ages (growth 
status). The most common animal models used for bone-to-implant interactions are dog, 
sheep, goat, pig and rabbit models, with rabbit being the most frequently used for implant 
research.201 The choice of animal according to Schimandle and Boden is affected by the cost 
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to acquire and care for the animals, availability, acceptability to society, tolerance to captivity 
and ease of housing.208,209 
 
2.4.2 Rabbit Model 
Many studies have investigated the characteristics of miniscrews with a rabbit model.210-214 
The rabbit model is used in approximately 35% of musculoskeletal research studies, due to its 
size and ease of handling.215 A rabbit has the ideal feature of reaching sexual maturity by 6 
months of age.216 There are little studies investigating the similarities or differences between 
human and rabbit bone composition and density, but there is evidence on the similarities of 
bone mineral density.217 Rabbits have faster skeletal change bone turnover to humans and 
primates, which makes it difficult to extrapolate results to a human model.  However it is a 
common model used to screen miniscrews and implants prior to a larger animal model.218,219  
 
The ideal location to test miniscrews in a rabbit model is one with easy access, one that can 
represent cortical bone thickness in human jaws with minimal impact on function, and with 
minimal confounding factors. General anaesthesia through an inhalation method is more 
predictable and safe when compared with intra-muscular and intravenous methods.220 This 
makes the oral cavity of a rabbit model difficult for access. Human miniscrew dimensions are 
not comparable to rabbit oral cavity, due to the smaller size.201 The tibial and femoral 
condyles make an attractive location for miniscrew studies due to ease of access and minimal 
impact on function. The lateral tibial plateau and the area medial to the popliteal sulcus in the 
femur are away from muscle and ligament attachments.221 
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2.5 Bone Graft Substitutes 
2.5.1 Introduction 
Synthetic bone graft substitutes were developed in response to the disadvantages of autograft 
and allograft materials to fill bony defects. Cavity bone defects are created during the 
curettage or debridement of bone tumours, infections or malignancies. It is thought that in 
order for new bone to fill these defects, there must be a material to fill the space that is 
osteoconductive or act as an appropriate scaffolding that prevents fibrous tissue formation, 
supports the attachment of new osteoblasts and osteoprogenitor cells, and allows for new cell 
migration and new vessel formation.   
 
To be osteoconductive a graft must:222  
1. Provide a scaffolding on which stem cells can attach 
2. Be non-inflammatory and non-toxic 
3. Resorb at a rate similar to that of bone formation 
 
The available graft materials that meet the above criteria are autografts, allografts and 
synthetic substitutes. Autografts have long been the gold standard in bone grafts due to 
osteoconductive, osteogenic and osteoinductive properties.223 However autologous bone 
grafting requires harvesting of material at a donor site, which carries the disadvantage of pain 
and increased morbidity.223-226 Allogenic bone grafts are the most commonly used bone graft 
material.222 Its advantages include its osteoconductive and osteoinductive properties, no 
donor site morbidity and relatively low cost.  It does have the disadvantage of limited supply, 
potential antigenic response, lack of uniformity and the potential to transmit diseases such as 
HIV and hepatitis C virus.223,224,227,228  
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To overcome the disadvantages of autografts and allografts, synthetic bone graft substitutes 
were developed. These included: 
1. Allograft based bone combined with other substances such as demineralised bone 
matrix 
2. Natural and recombinant growth factors of bone, such as transforming growth factor 
beta (TGF-β), platelet-derived growth factor (PDGF), fibroblast growth factor, and 
bone morphogenetic protein (BMP) 
3. Degradable and non degradable polymers of bone, such as polylactic acid and 
polyglycolic acid 
4. Ceramic based materials such as calcium sulphates, calcium phosphates and bioglass 
 
The ceramic bone graft substitutes are osteoconductive, easily manufactured (abundant 
supply with uniform quality), do not have donor site related morbidity and has no risk of 
disease transmission.223,224,229,230 They are indicated for use as a graft material for surgically 
or traumatically created bone defects and are contraindicated for use in active infections, high 
infection risk situations, open fractures and lack of soft tissue coverage. The most notable 
difference between the different mineral bone graft substitutes is their varying rates of 
resorption due to their different particle sizes (smaller particles are resorbed faster by 
osteoclasts, while larger particles are resorbed by foreign body giant cells much slower).231 
The different mineral bone graft materials also have very different biochemical properties. 
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2.5.2 Calcium Sulphates 
Calcium sulphate (CaSO4) was the first mineral bone graft substitute, dating back to 1982 in 
its use as a bone graft for cavity defects.232 It is derived by adding water to calcium sulphate 
hemihydrate, creating gypsum, the main constituent in many forms of plaster.233 The gypsum 
is then heated to form a crystallization of calcium sulphate.224,234 It is biocompatible, radio-
opaque, non-immunogenic, non-osteoinhibitive and bioabsorbable at a constant rate.233  
 
Calcium sulphate used as a bone void filler is comparable to autogenous bone grafting.235-237 
It is currently used in orthopaedic surgery for repair of osseous defects secondary to benign 
bone tumours, trauma and peri-prosthetic bone loss.238 The biomaterial resorbs over a period 
of 6 weeks, during which time there is vascular infiltration, osteoid deposition and restoration 
of the defect with new mineralised bone.236,239,240 The 6-week resorption period is relatively 
fast in comparison with ingrowth of bone, which may result in serous drainage.241 
Histologically the rapid resorption of calcium sulphate causes an inflammatory response, 
which may interfere with bone formation.242,243 
 
2.5.3 Calcium Phosphate  
The first calcium phosphate materials were used in the 1920s as a bone substitute or bone 
graft.244 The first reported dental application of calcium phosphate was by Nery et al. who 
used tricalcium phosphate in periodontal repair surgery.245 
 
Hydroxyapatite (Ca10(PO4)6(OH)2) is manufactured from sea corals Porites and Goniopora. It 
is available in blocks, granules, or cement formulations. Hydroxyapatite has compressive 
strength but is brittle, with low tensile strength.229,246 
A COMPARTIVE STUDY OF THE RETENTIVE CAPABILITY OF THE SYDNEY MINI-SCREW WITH 
6MM ORTHODONTIC ANCHORAGE MINISCREWS IN THE TIBIA AND FEMUR OF NEW ZEALAND 
RABBITS BY REMOVAL TORQUE TEST 
	  
	   50	  
 
Calcium phosphates gained popularity in response to the rapid absorption and inflammation 
associated with calcium sulphate. However hydroxyapatite has delayed resorption, which can 
lead to complications.247 
 
2.5.4 Tricalcium Phosphate 
In response to the delayed resorption of hydroxyapatite, tricalcium phosphate (TCP) was 
formed. It is a biocompatible and osteoconductive material that is useful for inducing hard 
tissue formation.248 It exists in many polymorphs (α, β, γ and super-α), of which only the α 
and β polymorphs phases are used as biomaterials.249 Β-TCP is the most common form and 
has 50% more porosity and resorbs 10-20 times faster than hydroxyapatite.250-253  
 
In dentistry it has been used as a capping agent, for cleft palate surgery, an apical barrier, 
apexification, vertical bone defects and dental implant coating.249 In these situations the use 
of TCP to replace bone has the advantage of inhibiting healing with fibrous tissue. 
 
2.5.5 Calcium Phosphate Cements 
Calcium phosphate cement, a bioactive cement that sets as hydroxyapatite when moistened, 
was first introduced by Brown and Chow in the 1980s.254 Calcium phosphate cement is 
prepared by mixing a calcium phosphate salt, TCP and calcium carbonate with an aqueous 
solution to form a paste that at room temperature reacts to form a precipitate of calcium 
phosphate.255 These cements set in less than 10 minutes and achieve maximum compressive 
strengths at 24 hours. Calcium phosphate cements are biocompatible, injectable, absorbable 
and can be synthesized with micro-porosities to allow for cellular growth and infiltration.256 
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Hydroxyapatite and TCP do not have the compressive strength greater than that of cancellous 
bone, and therefore cannot be used in situations where strength is required (load bearing 
bone).222 Calcium phosphate cements set hard in a similar structure to the mineral phase of 
bone, with greater compressive strength than cancellous bone.223,224 
 
2.5.5 PRODENSE 
To obtain optimal chemical and biological characteristics of the available mineral bone graft 
materials, mixtures of these mineral compounds were developed. PRODENSE cement is an 
injectable regenerative graft material that is a combination of 25% calcium phosphate 
(brushite and granular TCP) and 75% calcium sulphate.257 The calcium phosphate component 
provides a robust scaffold for osteogenesis, whereas the calcium sulphate component resorbs 
rapidly to create porosity while at the same time bony ingrowth is being stimulated.238 So in 
effect the calcium phosphate slows the resorption of the calcium sulphate while the β-
tricalcium phosphate create a porous scaffold which is osteoconductive for new bone 
formation. The authors also found PRODENSE to have increased ultimate compressive 
strength when compared with normal calcium sulphate (Osteoset), had a modulus of elasticity 
closer to bone, and that PRODENSE resorbed at a statistically slower rate. 
 
Bacopulos Marangu found that PRODENSE’s rheological properties and injectability could 
be altered to suit being passed through a syringe into an orthodontic miniscrew.258 This was 
achieved with the use of finer powders. Reducing the powder to increase the concentration 
prolonged the gelling point of PRODENSE, however reducing the aqueous component also 
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reduced the compressive strength of the cement. For the ideal injectability, mechanical 
strength and gelling point, a concentration of 2.5 g/ml was chosen.  
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Abstract 
Aim: To investigate the retentive capability of the newly designed Sydney Miniscrew with 
injectable bone cement in an animal model by removal torque. Method: 16 New Zealand 
White rabbits were divided evenly into 2 groups, T1 0 week to assess primary stability and 
T2 8 weeks to test secondary stability. Three groups of miniscrews Sydney Miniscrew with 
Cement (SMSC) N=12, Sydney Miniscrew without cement (SMS) N=10 and a control 
Aarhus (CA) 6mm screw N=10 were placed randomly and evenly between the right and left 
tibial and femoral sites. The SMSC and SMS required predrilling a 2.5mm by 6.5mm space 
and the SMSC had injectable bone cement PRODENSE. Removal torque was measured 
using a Motive Digital Torque Meter in Ncms. Friedman's Test and two-sample t-test were 
used for statistical analysis, where appropriate. Results: Removal torque values at T1 for CA, 
SMS, SMSC were not significantly different (p=0.072) but were significantly different at T2 
(p=0.012). CA had the lowest mean (0.048, sd=0.021) while SMS (mean=0.106, sd=0.044) 
and SMSC (mean= 0.103, sd=0.033) had similar means. Although the means for T1 were 
lower for all screw types than T2, only SMS (p=0.006) showed statistically significant 
difference between T1 and T2. The different surgical locations at T2 did not statistically 
differ from each other either (p=0.948). Conclusion: Sydney Miniscrew with and without 
cement had significantly higher secondary stability and had a trend towards increased 
primary compared to a normal control miniscrew. More research is required with an 
increased sample size. 
Keywords 
Orthodontic miniscrew; primary stability; secondary stability; bone cement; removal torque; 
ProDense. 
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Introduction 
Anchorage is defined as the resistance to unwanted tooth movement.7 Teeth follow Newton’s 
third law, which states that for every reaction there is an equal and opposite reaction. For 
orthodontists this can equate to undesirable tooth movements. In an effort to eliminate 
unwanted tooth movements, conventional intra-oral and extra-oral forms of anchorage 
reinforcement such as headgear, trans-palatal arches and Nance appliance have been utilised. 
These appliances do not provide absolute anchorage, that is unwanted tooth movements are 
minimised but not eliminated, and also rely on the patient’s compliance.32  
 
With the introduction of modern skeletal anchorage by Creekmore and Eklund in the 1980s, 
orthodontic anchorage control has been revolutionised.46 Since then temporary skeletal 
anchorage has helped achieve several types of tooth movement that were impossible or too 
difficult to do previously, such as retraction of anterior teeth without anchorage loss, 
distalization of entire arches, intrusion of over erupted teeth and molar protraction.259 When 
compared with other temporary skeletal anchorage devices, miniscrews have many benefits 
such as being easy to place and remove, relatively inexpensive, minimal discomfort and 
being able to be loaded immediately.42,135,260 
 
The success rate of miniscrews is reported to be 61-100%, less than alternative forms of 
skeletal anchorage.38 Their success or failure depends on the presence of inflammation, soft 
tissue type at insertion site, surgical technique, miniscrew design and dimensions, high 
mandibular plane angle, use of heavy loads, proximity to teeth roots and too thick or too thin 
cortical bone.108,113,118,137,140,141,143,150,163,200  
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Primary stability is considered to be crucial for a miniscrew’s success and also for immediate 
and early use (loading).135,194 It is described as the immediate mechanical retention between 
the bone-to-implant interface. Secondary stability is defined as the stability gained after 
healing and bone formation and remodelling, and is also crucial for success.155  
 
Studies have found that bone mineral density is strongly related to primary stability of 
miniscrews and dental implants and therefore success.159,172 Increased cortical bone thickness 
is related to increased insertion torque and pull out testing.110,261 It was shown that 
miniscrews placed in cortical bone less than 1 mm thick had an odds ratio for failure of 
6.93.156 The thickness of cortical bone varies from maxilla to mandible and buccal to 
lingual/palatal sites.116 Thick cortical bone can be found in the anterior palate and in the 
buccal posterior mandible, where as relatively thin cortical bone is usually found in the 
posterior maxilla buccal and palatal sites.262-265 
 
Motoyoshi et al. found the highest miniscrew success was when they were placed in cortical 
bone 0.5 mm to 1.0 mm thick.266 A finite element analysis of a loaded miniscrew by Melsen 
and Verna demonstrated that stress levels were higher in cortical bone than underlying 
trabecular bone, but the reverse was true for strain.76 
 
Motoyoshi et al. demonstrated that for 1.6 mm x 8.0 mm miniscrew the ideal insertion torque 
was 5 to 10 Ncm.105 Any result below 5 Ncm was found to have insufficient primary stability. 
An insertion torque above 10 Ncm was found to have insufficient secondary stability due to 
trauma. High insertion torque carries the risk of damage to the peri-implant tissues, which 
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adversely affects bone remodelling.153 It was suggested to pre-drill a pilot hole in assisting 
the reduction of insertion torque in thick cortical bone.155 The ideal pilot hole size should be 
65-85% of the outer diameter of the miniscrew to have the ideal insertion torque.101 
 
Mineral bone graft substitutes have been developed as an alternative to autografts and 
allografts for filling bony voids. This development was aimed to overcome the disadvantages 
of donor site morbidity of autografts and the limited supply and potential transmission of HIV 
and Hepatitis C of allografts.223,224,227,228  Mineral bone graft substitutes include calcium 
sulphate, calcium phosphate and tricalcium phosphate (TCP). These bone graft substitutes 
come in as blocks, granules or cements. 
 
Calcium sulphates were the first mineral bone graft substitute, dating back to 1982, where 
they were used as a graft material in a bony cavity.232 Calcium sulphate has been used in 
orthopaedic surgery for repair of osseous defects secondary to benign tumours, peri-
prosthetic bone loss and trauma.235-237  Calcium sulphates have rapid absorption which can 
lead to inflammation.243 This downside led to the use of Calcium phosphate, which has been 
used as a bone graft material as early as the 1920s.244 It comes as hydroxyapatite calcium 
phosphate granules, TCP granules or as cements. Hydroxyapatite however can resorb too 
slowly, which can inhibit bony ingrowth.267  
 
In a quest to improve the delivery of the bone graft substitutes and to avoid the disadvantages 
they each had, mineral bone graft composites were devised, one of them being PRODENSE 
(Wright Medical Technology, Arlington, Tennessee). PRODENSE is a fully synthetic, 
resorbable and injectable bone substitute comprising a composite calcium sulphate–calcium 
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phosphate (CaSO4/CaPO4) matrix mixed with beta-tricalcium phosphate (β-TCP) granules.238 
Its osseoconductive calcium phosphate component creates a robust scaffold for osteogenesis 
and its calcium sulphate component resorbs rapidly to create porosities for bony ingrowth. 
When compared to normal bone and calcium sulphates it was found that PRODENSE had 
increased ultimate compressive strength.238 
 
The aim of this study was to investigate the primary and secondary stability of the newly 
designed Sydney Mini-Screw with an injectable synthetic bone graft substitute, PRO-DENSE 
in an animal model. 
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Materials and Methods 
Miniscrew Design 
The Sydney Mini-Screw design (Patent number: PCT2009014) is a modified updated design 
of an earlier design (Figure 1) based on the clinically proven Aarhus miniscrew.76,258 The 
titanium–6-aluminium–4-vanadium (Ti6-Al-4V) cylinder miniscrews (Russell Symes and 
Company Pty Ltd, Sydney, Australia) were designed and manufactured to specifications to 
allow for injectable synthetic bone graft material to flow from the head of the screw, through 
the lumen and then exit holes.  
 
The Sydney Mini-Screw contains a head portion, soft tissue collar and a three-levelled shaft. 
It has a lumen 0.8 mm in diameter that travels from the head to the bottom portion of the 
shaft. The head is of similar design to the Aarhus Miniscrew except it has an opening into the 
internal lumen for application of the cement. The soft tissue collar is tapered from a 
maximum diameter of 4 mm to the narrowest portion being 3.2 mm and is 1.5 mm in height. 
The superior portion is a cylinder 3.2 mm in diameter with threads to mechanically lock into 
bone. The middle portion is tapered from 3.2 mm to 1.6 mm in diameter with self-tapping 
threads, which was designed to work with a pilot hole 65-85% of the superior portion of the 
shaft. The bottom portion of the shaft is cylindrical in shape and 1.6 mm in diameter with 
retention threads and 2 exit holes to allow the injectable cement to flow through the lumen 
into the surrounding trabecular bone. The total length of the miniscrew is 8.3 mm (Figure 2). 
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Cement Preparation 
The cement was prepared to ideal properties according to Bacopulos Marangu.258 To achieve 
the correct particle size the cement was ground by mortar and pestle and passed through a 63-
micron sieve (CMT Equipment, Impact Laboratory Test Sieve, UK) (Figure 3). The ground 
cement was then measured in lots of 25 grams (Mettler Digital Lab Scale PM600, Mettler-
Toledo, USA)(Figure 4) and placed in vials. The cement was then sterilised by gamma 
irradiation to a minimum target dose of 25KGy and the actual result was 27.29KGy (Steritech 
Pty Ltd, Australia). Immediately before injection through the Sydney Mini-Screw, 25 grams 
of cement was mixed with 10 ml of the aqueous solution (glycolic acid) to achieve the ideal 
concentration (2.5 g/ml) under sterile conditions. 
 
Animal Model 
Sixteen male New Zealand White rabbits obtained from an approved supplier (S and J 
Hurrell, Piper Farms, Cowra NSW, Australia), with an average body weight of 2.9 kg, were 
used in this study. (Ethics approval: Sydney West Area Health Service Animal Ethics 
Committee 5101.05.12). They had 1 week of acclimatization before the commencement of 
the study and were fed a standard diet with full time access to water within their pens. 
 
Study Design & Surgical Procedure 
The rabbits were divided evenly into 2 groups: (T1) = 0 week to assess primary stability 
(N=8), (T2) = 8 weeks to test secondary stability (N=8).  
 
Three miniscrew types were used in this study: 
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(1) Sydney Miniscrew with Cement (SMSC) N=24 (12 at each time point) 
(2) Sydney Miniscrew without cement (SMS) N=20 (10 at each time point)  
(3) Control Aarhus (CA) 6mm screw N=20 (10 at each time point) (Figure 5) 
 
The rabbits were weighed immediately prior to the surgical procedure. General anaesthesia 
was induced by intramuscular injections of 35-mg/kg ketamine hydrochloride HCL 
(Ketamav®-100; Mavlab Pty Ltd, QLD, Australia) and 5-mg/kg xylazine hydrochloride 
(Ilium Xylazil®-20; Troy Laboratories Pty ltd, NSW, Australia) and maintained with 
inhalation 2-4% isoflurane (Aerrane®, Baxter Healthcare Pty Ltd, NSW, Australia) (Figure 
6). The surgical site was shaven and disinfected with 10% W/V povidone-iodine (Betadine®; 
Sanofi-aventis Pty Ltd, QLD, Australia). The femoral or tibial condyle was exposed by a size 
15-scalpel incision through the skin, fascia and periosteum. 
 
The 3 miniscrew groups were placed at 4 locations. The type of miniscrew (SMSC, SMS and 
CA) at each location was determined by randomization that also allowed for an even 
distribution (Figure 7).  
(1) Right tibial condyle 
(2) Left tibial condyle 
(3) Right femoral condyle 
(4) Left femoral condyle 
 
A scalpel was used to raise a flap to expose the lateral plateau of the tibia and the medial 
aspect of the femoral condyle, where there were no ligament or muscle attachments. The 
SMSC and SMS required a pre-drilling of a 2.5 mm by 6.5 mm (Astratech 2.5 mm Twist 
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Drill)(Figure 8) pilot hole using a surgical motor (X-Cube V2.0 Surgical Implant motor, 
Saeshin, Korea)(Figure 9) with copious physiologic saline. The CA is a self-drilling 
miniscrew and did not require pre-drilling. All miniscrews were inserted by the same operator 
with the Aarhus miniscrew screwdriver (Aarhus System, Medicon Instrumente, American 
Orthodontics©; Sheboygan, WI, USA).  
 
The SMSC had the mixed cement injected via a syringe and a 20-gauge needle that had been 
adjusted by having its tip cut off. For each SMSC about 25 grams of powder and 10 ml of 
aqueous solution were used. 
 
In the T1 group, once the Miniscrews were placed and 30 mins of cement setting time was 
observed, removal torque was measured. The rabbits were then euthanized with sodium 
pentobarbital.  
 
The rabbits in T2 had periosteum sutured over the miniscrew with 4.0 Vicryl polyglactin 
sutures and 3.0 silk sutures were used to suture the skin. Before the cessation of general 
anaesthesia, the rabbits were provided with an intramuscular antibiotic injection of 50 mg/kg 
Enrofloxacin (Ilium Enrotril®; Troy Laboratories Pty ltd, NSW, Australia) and pain relief 
injections of 0.3 mL/5kgs Meloxicam (Metacam®; Boehringer Ingelheim Pty Ltd, North 
Ryde, NSW, Australia) and 0.01-0.05-mg/kg buprenorphine (Temgesic®; Reckitt 
Benckisser, NSW, Australia). All rabbits recovered with full function and mobility. After 8 
weeks of healing the rabbits of T2 were placed under general anaesthesia, a flap raised to 
expose the miniscrews and removal torque measured, before being euthanized by sodium 
pentobarbital.   
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Mechanical Testing 
At 0 weeks and after 8 weeks of healing, in vivo mechanical testing was performed. The 
rabbits were placed under general anaesthesia as described above. The surgical areas were 
carefully dissected to make sure soft tissues did not interfere with the torque testing and to 
avoid any preload application to the miniscrews. Removal torque test was performed by an 
electronic torque meter (Digital Torque Meter, Motive, Yinuo Manufacture) to quantify the 
maximum torque (Nms) required to loosen the miniscrews. All animals were euthanized 
when the experiments were complete. 
 
Statistical Analysis  
Removal torque test results were analysed with Friedman’s Test to test for a statistical 
significance between the scores of all 3 miniscrews at both time points. Freidman’s test was 
also used to determine whether the surgical site made a difference to the results (Left tibia, 
right tibia, left femur and right femur) per time point. Two-sample t-test is utilised to detect 
differences in screws between T1 and T2 since different rabbits were measured at each time. 
Descriptive statistics were used to calculate the required sample size for future studies to 
detect a statistical significance between the mean values of the 3 miniscrew types. 
 
Results 
T1 Primary Stability 
Average Removal Torque test 
(1) SMSC: 0.058 Nm, standard deviation 0.038 (Range: 0.021 – 0.127 Nm) 
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(2) SMS: 0.043 Nm, standard deviation 0.023 (Range: 0.019 – 0.092 Nm) 
(3) CA: 0.028 Nm standard deviation 0.016 (Range 0.008 – 0.062 Nm) 
 
T2 Secondary Stability 
Average Removal Torque test 
(1) SMSC: 0.0909 Nm, standard deviation 0.033 (Range: 0.039 – 0.134 Nm) 
(2) SMS: 0.104 Nm, standard deviation 0.037 (Range: 0.034 – 0.145 Nm) 
(3) CA: 0.0474 Nm, standard deviation 0.018 (Range 0.016 – 0.072 Nm) 
 
See figure 10 for table of results and box plots. 
 
Friedman's Test showed that the removal torque values at T1 for CA, vs SMS, vs SMSC were 
not significantly different from each other (Chi-Square=5.25, df=2 and p=0.072) but were 
significantly different at T2 (Chi-Square=8.82, df=2 and p=0.012). CA had the lowest mean 
(0.048, sd=0.021) while SMS (mean=0.106, sd=0.044) and SMSC (mean= 0.103, sd=0.033) 
had similar means. Although all the means for T1 were lower than T2, only the difference of 
-0.057 (0.043-0.104) between T1 and T2 in the SMS group was statistically significant 
(p=0.006). Friedman's Test showed that different surgical locations did not statistically differ 
from each other (Chi-Square=2.518, df=3 and p=0.472). A single Sydney Mini-screw with 
cement and a single Sydney Mini-screw without cement failed completely at T2 and were not 
included in the statistical analysis. 
 
A sample size analysis used to detect a statistically significant difference between the means 
of the three miniscrews at 5% significance level and with 80% power revealed the number of 
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miniscrews per group required at T1 was 14 with an effect size of 0.54 and at T2 was 6 with 
an effect size of 0.8. This was tested with a Power Curve for One-way ANOVA (Figure 11). 
To be able to distinguish the difference between the SMSC and SMS at T1 and T2, a Power 
Curve for 2-Sample t Test demonstrated that 143 miniscrews at T1 and 5278 miniscrews at 
T2 are required in each group. 
 
 
Discussion 
There is a plethora of orthodontic miniscrew designs in the literature, with each design 
aiming to maximise the rate of success, minimise complications, and to increase the 
efficiency of orthodontic treatment. The Sydney Mini-screw is a novel miniscrew design 
aimed at addressing the issue of miniscrew failure by utilising an injectable bone graft 
substitute to increase the primary stability. Primary stability has been demonstrated in 
implant dentistry to correlate positively with high success rate.154 Primary stability is also 
crucial to miniscrew success and immediate miniscrew loading.137,194 There have been no 
studies to date that have utilised injectable bone graft substitute to increase the primary and 
secondary stability of miniscrews. This study was undertaken to investigate the effect of 
injectable bone graft substitute on primary and secondary stability of the Sydney Mini-screw 
in the tibia and femur of New Zealand Rabbits. 
 
The use of the rabbit tibia and femur has been confirmed as a suitable model for testing of 
stability of orthodontic miniscrews.211,213,214 It is difficult to extrapolate results from a rabbit 
model to human clinical response due to the difference in bone density, structure and 
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turnover.201 However, this model was chosen due to the ease of handling, cost and ethical 
considerations of using a larger animal model.  
 
The available methods to investigate primary stability are insertion torque, removal torque, 
Periotest, resonance frequency analysis and bone to implant contact from Micro CT 
analysis.110,154,212,213 Removal torque testing is an ideal measure of primary stability as it is a 
measure of the force required to sever the bond between the bone and implant. This study 
utilised a digital torque meter to measure the torque required in Newton Metres (Nms) to 
remove miniscrews. Removal torque testing has previously been employed by Okazaki et al. 
and Mo et al. in animal models to assess orthodontic miniscrew primary and secondary 
stability.194,213 The use of a portable removal torqueing device may not be as standardised as a 
fixed set up as there is a risk of human measurement errors. However, the preparation of the 
animal sample for a fixed set up may itself induce confounding factors. 
 
Bone cements or bone graft substitutes are commonly used in orthopaedic surgery to help 
with primary stability of bone screws, especially in situations of reduced bone density.268-271 
Calcium phosphate and calcium sulphate cements are used in dentistry as grafting materials 
for bone defects in periodontal disease and for grafting in conjunction to implant 
placement.256,272-274 In a recent study injectable calcium phosphate cement has been used to 
help the retentive capabilities of dental implants.275 Though the mean values of the dental 
implants with bone cement were higher, no statistical significance was found between test 
and control groups when reverse torque tested. 
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The bone mineral density in the maxilla and mandible is variable, which influences primary 
stability.172 To maximise primary stability Wilmes and Drescher found the ideal miniscrew 
insertion angle ranged from 60° to 70°, which has the miniscrew pass through more cortical 
bone than if it was placed perpendicular to the bone.117 Having thick cortical bone may 
increase primary stability but this may negatively impact on secondary stability.155  
 
In our study we ascertained from the statistical analysis that there was no statistical difference 
in results between different surgical sites (left tibia, left femur, right tibia and right femur). 
This allowed us to compare each individual miniscrew type independently from their site of 
placement. It was also important to ascertain the influence the design of the Sydney Mini-
screw on primary stability so we could isolate the effect of the injectable bone graft 
substitute. This was achieved by having a Sydney Mini-screw group without cement. The 
Aarhus 6mm by 1.6mm miniscrew acted as a control, as it is comparable to the Sydney Mini-
screw but is also a commonly used miniscrew.76  
 
There was a trend towards SMSC having more primary stability when compared to SMS and 
CA at T1 but this was not statistically significant (p=0.072). This was probably due to a small 
sample size. Sample size calculations at a 5% significance level and 80% power showed that 
to detect a significant difference in primary stability 14 in each group would have been 
required (Figure 11). It is interesting to note that the primary stability of the SMS and the CA 
was comparable even though the SMS had pre-drilling, probably due to the larger diameter of 
SMS engaging cortical bone. Further research with an increased sample size is required to 
isolate the benefit of injectable bone graft substitutes on increasing primary stability. 
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It was interesting to find at T2 (secondary stability) that there were higher removal torque 
values in the SMSC and SMS groups compared to CA and this was statistically significant 
(p=0.012). The SMSC and SMS had similar mean values (0.0909 Nm vs 0.104 Nm), 
indicating that after a healing period the injectable bone graft substitute did not influence the 
result. Therefore the design of the Sydney Mini-screw is what provides the increased 
secondary stability over the control Aarhus miniscrew. The different design features that 
could have contributed to the increased stability between the Sydney Mini-screw and the 
control Aarhus miniscrew were:  
1. A larger diameter that engaged the cortical bone  
2. 7mm (SMS) of threaded length as opposed to 6mm (CA) 
3. Exit holes to allow bone ingress  
 
The exit holes that allowed the cement to pass through the Sydney Mini-screw into the 
surrounding bone were found to allow bone to grow into the lumen of the miniscrew by 
histological and Micro-CT analysis.276 This interesting finding would have definitely played a 
significant role in the increased shear strength required to remove the miniscrew, 
demonstrated by removal torque testing (Figure 12).  
 
Since the Sydney Mini-screw is hollow due to its internal lumen, this could have resulted in 
fracture of the miniscrew on removal. Wilmes et al. advised in keeping removal torque 
moments below 230 Nmm as this was found to be the lowest fracture point of some 
conventional miniscrews.110,162 Out of the 42 SMS and SMSC successful removal torque 
tested, none fractured on removal.  The maximum removal torque test score for the SMS and 
SMSC was 145 Nmm, well below the advised maximum removal torque test score. However, 
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since the design on the Sydney Mini-screw is different from conventional miniscrews (hollow 
internal lumen), it is difficult to apply the same recommended maximum removal torque 
before fracture recommendation. Further research into the minimum removal torque required 
to fracture the Sydney Mini-screw would be required to determine a safe removal torque 
range. Changes to the design of the Sydney Mini-screw, such as reducing the lumen or exit 
hole diameter, would be considered if the removal torque range was above the safe range. 
 
To increase the success rates of miniscrews, many authors have advocated placing 
miniscrews in areas of good bone quality (sufficient cortical bone thickness and bone 
depth).113,137,163,172,262,264-266 Good site selection may increase the success rate of miniscrews, 
but it also may limit sites that are favourable for orthodontic anchorage. For direct anchorage, 
line of action dictates the direction and the type of movement a tooth may experience. In 
indirect anchorage, the further away you are from your anchor tooth the increase in flexibility 
of the wire or material used.  
 
By pre-drilling and using a mineral bone graft substitute to aid with primary stability it 
eliminates the factors such as bone density and cortical bone thickness. It also opens up the 
possibility of placing miniscrews in areas with poor bone mineral density that may be 
favourable for orthodontic anchorage needs. An example of this would be the placement of 
miniscrews in the posterior palate (thin cortical bone and reduced bone depth) for miniscrew 
assisted rapid maxillary expansion (MARPE).264,265  
 
The use of MARPE for maxillary protraction in skeletally maxillary deficient growing 
patients has demonstrated promising results with less dental side effects on the maxillary 
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dentition.277,278 Elastic force systems of up to 600 grams from a facemask are required to 
protract the maxilla.279 The use of the mineral bone graft substitute may also predictably set a 
primary stability enough to withstand such forces. 
 
One short fall of the study was that the experiment was performed in the tibia and femur of 
rabbits and not in the oral cavity. The oral cavity offers a different environment to a tibia and 
femur as it contains bacteria and the forces experienced by the miniscrews due to function 
would be very different. Peri-implantitis due to bacteria is a risk factor of miniscrew 
failure.87,108 
 
The Sydney Mini-screw used in this experiment had an internal lumen that was exposed at 
the head of the screw. In the mouth this would be exposed to bacteria, and can lead to 
infection and therefore failure. In a closed environment with an absence of bacteria an open 
lumen does not affect success. It is advised that mineral bone graft substitutes are used in 
closed environments away from possible infection for optimal results.222 Since the main 
objective of this study was to investigate the effects on primary and secondary stability of the 
addition of bone cement to the Sydney Mini-screw, surgery was performed in a closed 
environment using sterilised miniscrews and sterile surgical techniques to minimise the risk 
of infection being a confounding factor. 
 
Future research will be aimed at the performance of the Sydney Mini-screw in an oral 
environment under loading with orthodontic and orthopaedic forces in larger animal models, 
then human clinical trials.  
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Conclusions  
It is concluded 
1. Primary stability of SMS had a higher mean value, though not statistically significant 
to CA, even though SMS required pre-drilling and CA did not. This indicates that the 
larger diameter of the Sydney Mini-screw played a role in its retentive capabilities. 
2. The SMSC showed a trend towards increased primary stability, however it did not 
achieve statistical significance. Further research with an increased sample size is 
required (14 miniscrews per group as shown in the sample size calculations) to 
achieve statistical significance. 
3. The SMSC and SMS demonstrated statistically significant higher secondary stability 
than the control Aarhus miniscrew. Since there was no significant difference between 
SMS and SMSC, the retentive capabilities that helped with secondary stability 
indicates that the design features of the Sydney Mini-screw (diameter, length and exit 
holes) aided in its retentive capabilities. 
4. The SMS showed a significant difference (increase) between its primary and 
secondary stability. 
5. For miniscrew stability research there is no difference between using the rabbit tibial 
or femoral condyles. 
6. Further research is required with modifications to the design of the Sydney Mini-
screw so that it can be used in a larger animal model before human clinical trials can 
begin. 
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Figure 1 (A) Front View (B) Sectional View (C) Top View  
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Figure 2 (A) The Sydney Mini-Screw Isometric projection 
 
 
Figure 2 (B) The Sydney Mini-Screw 
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Figure 3 (A) Frontal  
 
Figure 3 (B) Top
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Figure 4 – Mettler Digital Lab Scale PM600, Mettler-Toledo, USA 
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Figure 5 Aarhus Miniscrew 76 
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Figure 6 (A) Ketamine, Xylazine, Buprenorphine, Meloxicam and Enrofloxacin 
 
Figure 6 (B) Isoflurane  
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  Surgery Site 
Rabbit # LT RT LF RF 
0 week  
1  CA SMS CA SMSC 
2  SMS CA SMS SMSC 
3  SMSC SMSC SMS CA 
4  CA SMSC CA SMS 
5  SMS SMS SMSC CA 
6  SMS CA SMSC SMS 
7  SMSC SMSC SMS CA 
8  A SMS SMSC SMSC 
8 week 
9  SMSC SMS CA SMSC 
10  SMS SMSC SMS SMSC 
11  CA SMSC CA SMS 
12  SMS CA SMSC SMS 
13 SMSC SMS SMSC CA 
14  SMS CA SMSC SMS 
15  CA SMS CA SMSC 
16  SMSC CA SMS CA 
 
Figure 7 – Randomization table –  
SMSC – Sydney Miniscrew with cement 
SMS – Sydney Miniscrew without cement 
CA – Control Aarhus Miniscrew 
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Figure 8 – Astratech 2.5mm Twist Drill 
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Figure 9 - X-Cube V2.0 Surgical Implant motor, Saeshin, Korea 
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Rabbit	   LT	   RT	   LF	   RF	   Time	  
R1	   0.027	   0.021	   0.022	   0.038	   1	  
R2	   0.019	   0.045	   0.021	   0.035	   1	  
R3	   0.047	   0.021	   0.037	   0.02	   1	  
R4	   0.014	   0.021	   0.021	   0.057	   1	  
R5	   0.092	   0.026	   0.127	   0.024	   1	  
R6	   0.041	   0.035	   0.078	   0.055	   1	  
R7	   0.024	   0.05	   0.063	   0.008	   1	  
R8	   0.062	   0.028	   0.118	   0.08	   1	  
R9	   0.134	   0.145	   0.016	   0.083	   2	  
R10	   0.075	   0.072	   0.13	  
	  
2	  
R11	   0.034	   0.129	   0.052	   0.034	   2	  
R12	   0.145	   0.048	   0.13	   0.095	   2	  
R13	   0.085	   0.085	   0.103	   0.072	   2	  
R14	   0.094	   0.069	   0.091	   	  	   2	  
R15	   0.039	   0.053	   0.033	   0.121	   2	  
R16	   0.051	   0.048	   0.133	   0.055	   2	  
 
Figure 10 (A) – Table of Results (Control Aarhus: blue, Sydney Mini-screw with cement: 
white, Sydney Mini-screw without cement: yellow) 
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Figure 10 (B) 
Torque Removal Test Resuts	  0 Week 
p=0.072'
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Figure 
10 (C) 
 
	  
Time	   Mean	   Std.	  Deviation	  
1	   Aarhus	   .029	   .018	  
Sydney_no_Cement	   .045	   .024	  
Sydney_with_Cement	   .061	   .042	  
2	   Aarhus	   .048	   .021	  
Sydney_no_Cement	   .106	   .044	  
Sydney_with_Cement	   .103	   .033	  
 
Figure	  11	  (A)	  Descriptive	  Statistics	  Used	  to	  calculate	  the	  samples	  for 
Torque Removal Test Resuts	  8 Week 
p=0.012'
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Figure	  11	  (B)	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Figure 11 (C) 
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Figure 12 (A) Mico-CT and histological image of SMS at T2 
 
A COMPARTIVE STUDY OF THE RETENTIVE CAPABILITY OF THE SYDNEY MINI-SCREW WITH 
6MM ORTHODONTIC ANCHORAGE MINISCREWS IN THE TIBIA AND FEMUR OF NEW ZEALAND 
RABBITS BY REMOVAL TORQUE TEST 
	  
	  118	  
 
Figure 12 (B) Micro-CT mapping of the Sydney Mini-screw and good adaptation of bone 
around it 
 
